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Classification and Phylogeny 


URING the past century a “phylo- 

genetic school” of thought has flour- 
ished within the science of taxonomy. 
Many taxonomists hailed the theory of 
evolution as an actual basis for classifica- 
tion; “monophyletic” classification is now 
commonly referred to as the “ideal” of 
taxonomy. If classification is to be based 
on evolution, it is well to consider how 
this can be achieved. A classification that 
is based on overall similarities and differ- 
ences between existing organisms will 
necessarily be based on evolution, in the 
sense that these similarities and differ- 
ences are the result of evolution. A classi- 
fication based on recency of common an- 
cestry (i.e., a monophyletic classification ) 
will be based primarily on time, however, 
and only if overall similarities happen to 
correspond with recency of common an- 
cestry will such a classification correspond 
with evolution. Evolution is change, not 
time. Overall similarity will not corre- 
spond with recency of common ancestry 
unless evolution has proceeded at the 
same rate in all phyletic lines. Rates of 
evolution have not been the same in all 
phyletic lines, but nevertheless the as- 
sumption that overall similarity corre- 
sponds with recency of common ancestry 
has become one of the basic tenets of the 
“phylogenetic school.” 

This, and other related assumptions of 
the phylogenetic school are very much 
open to question. They have been ques- 
tioned occasionally (e.g. by Gilmour, 
1940), but it appears that such question- 
ing has not been taken seriously; the pro- 
ponents are still more outspoken than the 
opponents. Furthermore, the proponents 
of the phylogenetic school naturally apply 
its basic tenets more often than they ques- 
tion their validity. 

If the basic tenets of a science are open 
to question, as are those of the phylo- 
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genetic school, the first duty of that sci- 
ence is to question these tenets. If they 
are sound, they will become more per- 
fectly sound as a result of the questioning. 
If they are unsound, they should be dis- 
carded; the science will be more healthy 
without them. 

The purpose of this paper is to question 
such basic tenets of the phylogenetic 
school as: 


1. Similarity corresponds with recency 
of common ancestry (or, more loosely, 
similar organisms are more “closely re- 
lated,” etc.). 

2. Phylogeny can be reconstructed 
without fossil evidence. 

3. Classification should be based on 
primitive, stable, conservative, non-adap- 
tive characters and not on plastic, adap- 
tive characters. 


Before entering into the discussion it- 
self, however, it is well to attempt clarifi- 
cation of the terms to be used. Some of 
the terms used by the phylogenetic school 
are used very loosely. It is not always 
easy to determine, for example, whether 
a given author means “similarity” or “re- 
cency of common ancestry” when he uses 
the term “affinity.” For the sake of clarity, 
an attempt will be made to avoid the use 
of such terms. 

The term “phyletic line” is used in this 

phytetic iin 
paper in the sense of an ancestor-descend- 
ant continuum between any one ancestral 
species and any one descendant species. 
The direct ancestor-descendant continuum 
from a particular species of ancestral fish 
to a particular species of existing mammal 
would be one phyletic line. This phyletic 
line would not include any other such 
lines that have evolved independently. 
The phyletic line leading to the lion would 
not be the same as that leading to the 
tiger. Every existing species (defined in 
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terms of reproductive isolation, or inde- 
pendent evolution) is taken to be part of 
a single, discrete phyletic line at the pres- 
ent time. From the days of common an- 
cestry at the species level backward 
through time, all species that share such 
common ancestry will, of course, share the 
same phyletic line. The term is not used 
in the sense of any particular trend of 
evolution, or in the sense of a group of 
species evolving in parallel. 

The term “parallel evolution” is used in 
the sense described by Romer (1949): 


This phenomenon is one in which two or 
more forms, basically similar in pattern and 
related to one another, possess various com- 
mon features which were lacking in their com- 
mon ancestor and which they have acquired 
independently. Although parallelism is radi- 
cally different from the concept of conver- 
gence, the two are so frequently confused in 
common usage that the contrast must be em- 
phasized. In convergence, two forms with 
similarities in directly adaptive structures (as 
wolf and marsupial ‘wolf’) have come from 
radically different ancestors with basically 
different patterns of organization; in true par- 
allelism, both habitus and heritage are simi- 
lar; the ancestral types were closely related, 
and evolutionary progress, stage by stage, has 
been closely comparable in the two or more 
lines concerned. 


The above quotation also defines the 
sense in which the term “convergent” is 
used in this paper. It is worth noting, 
however, that convergence and parallel- 
ism need not be radically different con- 
cepts. Both refer to similarities that were 
evolved independently, and the extent of 
difference between the ancestors will 
naturally vary in different examples of 
convergence. How different must these 
ancestors have been before the similari- 
ties between their descendants are con- 
vergent rather than parallel? Such de- 
cisions must be left to the judgment of 
the taxonomist. 

The term “basic similarity” is also used 
here in the sense used by Romer in the 
above quotation. Parallel similarities, as 
well as similarities between ancestors and 
descendants, are basic similarities. Basic 
similarities exclude convergence, but not 





parallelism. (The term “homologous simi- 
larities” is not used in this paper, except 
in quotations, because homologous char. 
acters need not be similar, and are often 
convergent. ) 

The term “phylogeny” is used in the 
sense of “evolution,” though in the some 
what narrower sense that concentrates at- 
tention on relative recency of common an- 
cestry, or “phylogenetic trees.” 

It is the tenets of the phylogenetic 
school of taxonomy that are questioned in 
this paper, not the study of phylogeny 
itself! The study of fossils, and attempts 
to arrange these in ancestor-descendant 
series will not be questioned, except inso- 
far as these attempts involve invalid as- 
sumptions. Similarly, comparative anat- 
omy (or comparative morphology), as 
properly conducted, is not questioned in 
this paper. 


On Similarity and Recency of Common 
Ancestry 


Theoretical justification of monophy- 
letic classification, and the extent to which 
phylogeny can be reconstructed without 
fossil evidence, depend on the validity of 
the assumption that relative overall basic 
similarity corresponds with relative re- 
cency of common ancestry. The validity 
of this assumption in some instances does 
not prove its validity in all, or even in 
most instances. A direct, objective com- 
parison of the actual number of cases in 
which it is valid with the number of cases 
in which it is not valid, cannot be made. 
This can be done only indirectly, through 
comparisons of existing organisms with 
the fossil series from which they appear 
to be derived. 

Simpson (1945), speaking from an ex- 
tensive knowledge of both the phylogeny 
and the classification of existing mam- 
mals, says: 

On the average, two animals with more 
homologous characters in common are more 
nearly related, their ancestral continuity is 
relatively more recent, than two animals with 


fewer. There is no theoretical reason why 
this should always be true, and there certainly 
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are many cases in which it is not true, par- 
ticularly among abundant, small units, like 
species, and between other groups whose dis- 
continuities arose within a relatively short 
span of time. Such groups are, however, re- 
lated in approximately the same degree, and 
any errors in inferring the exact sequence 
among them are rather unimportant and do 
not essentially falsify the general picture of 
phylogeny. . . . The rule that degree of homol- 
ogy is directly proportional to degree of affin- 
ity is true within limits narrow enough for 
most purposes and is a valid working prin- 
ciple. 

In support of the assumption in ques- 
tion, Simpson merely states that, despite 
all the difficulties, it is nevertheless a valid 
working principle. In opposition, he states 
that there is no theoretical reason why it 
should always be true, and that there are 
certainly many cases in which it is not 
true. Naturally, he implies that there are 
also many cases in which it is true, and 
that these outnumber those in which it is 
not. To what extent do the cases in which 
it is true outnumber those in which it is 
not? This question is very important, for 
if the unknowable true “score” should 
prove to be a tie, then relative recency of 
common ancestry could be determined as 
accurately by flipping coins as by com- 
parisons of overall similarity. Classifica- 
tions based on overall basic similarity 
would fail, as often as not, to correspond 
with recency of common ancestry. 

If a paleontologist believes the assump- 
tion that overall similarity corresponds 
with recency of common ancestry to be a 
valid working principle, he will naturally 
tend to arrange his evidence (fossils) in 
accordance with it. The result of this will 
tend to be an arrangement which appears 
to support the hypothesis. If, despite this 
natural bias, the resulting arrangement 
does not support the hypothesis, it is rea- 
sonable to suspect that actual discrepan- 
cies are even more numerous than the 
apparent discrepancies. Simpson’s state- 
ment, “there certainly are many cases in 
which it is not true,” is therefore signifi- 
cant. It is not only possible but likely, 
that there are even proportionately more 
cases than these in which it is not true. 


Unequal rates of evolution will produce 
cases in which overall basic similarity 
does not correspond with recency of com- 
mon ancestry. Slow evolution in two phy- 
letic lines will tend to produce an appear- 
ance of recent common ancestry when 
actual common ancestry is remote in time. 
Relatively recent common ancestry be- 
tween descendants of one of these phyletic 
lines and those of another that has evolved 
rapidly will be obscured by the differences 
necessarily derived from rapid evolution. 
In such cases of rapid evolution (tachy- 
tely) the “missing links” required to re- 
veal the true ancestral connections will 
be less numerous; they will have been pro- 
duced over a briefer span of time and will 
have been “re-produced” less often than 
in phyletic lines that have evolved slowly. 
Fewer “missing links” will be produced 
in one million years than in fifty or one 
hundred million years, and the likelihood 
of their eventual discovery will be corre- 
spondingly less. Where evolution has been 
most rapid (i.e., where overall similarity 
corresponds least with recency of com- 
mon ancestry) its true course is most 
likely to have escaped detection! This is 
not only true in theory; it is also amply 
supported by the fossil record. Simpson 
(1953, p. 360) says: “every paleontologist 
knows, that most new species, genera, and 
families and that nearly all new categories 
above the level of families appear in the 
record suddenly and are not led up to by 
known, gradual, completely continuous 
transitional sequences.” 

Rapid evolution, then, is by no means 
uncommon, and where it has occurred 
ancestral connections are difficult to de- 
termine. If all the new species, genera, 
families and higher categories that have 
appeared suddenly in the record could be 
traced to their true common ancestors, 
how often would we find that overall simi- 
larity corresponds with recency of com- 
mon ancestry? If every paleontologist 
knows that most taxonomic categories ap- 
pear suddenly in the record, it becomes 
possible that the cases in which overall 
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similarity does not correspond with re- 
cency of common ancestry actually out- 
number those in which it does! In view 
of this possibility, is the assumption that 
overall similarity corresponds wth re- 
cency of common ancestry a valid working 
principle? 


On the Reconstruction of Phylogeny with- 
out Fossil Evidence 


The reconstruction of phylogeny using 
fossil evidence, is without doubt one of the 
most important and one of the most in- 
teresting activities of biology. Whether 
or not it can be accomplished accurately 
without fossil evidence, however, is very 
much open to question. 

Before he sets out to reconstruct phy- 
logeny without fossil evidence, the biolo- 
gist should ask himself several very im- 
portant questions. What does he know, 
and what can he know, for example, about 
the rates of evolution that have produced 
the similarities and differences with which 
he is concerned? If he is not sure of these, 
any one of an almost infinite series of dif- 
ferent “phylogenetic trees” might be as 
likely to be correct as his own. What as- 
surance has he, for example, that any of 
his specimens closely resemble their an- 
cestors of millions of years ago? If an- 
cestral conditions have been lost or ob- 
scured in all his specimens, where is he to 
find these ancestral conditions? If he re- 
constructs an ancestor from one character 
of this species and another character of 
that, the result will be a figment of his 
own imagination that cannot be compared 
objectively with any actual ancestor. Even 
with fossil evidence it is difficult to be 
sure which fossils are actual ancestors and 
which are not. Romer (1949) says that 
“as a liberal estimate one may guess that 
perhaps not more than one per cent of 
the tetrapod genera living in early Middle 
Mesozoic days have living descendants.” 
If ostracoderms, placoderms, labyrintho- 
donts, cotylosaurs, pelycosaurs and the- 
rapsids exist, as such, only in the fossil 
state, how can our biologist be sure that 





the ancestors of his own specimens are 
not as extinct as are those leading to 
mammals? Ross (1951) makes the fol- 
lowing sweeping statement: “there has 
been a survival to the present of a re 
markable number of ‘living fossils’ belong. 
ing to ancient branches of many lines, 
these survivors together forming an al. 
most step-like sequence into the past.” 
Ross refers this statement primarily to 
insects, a group for which the scarcity of 
fossil evidence is notorious. Upon what 
evidence, then, is his statement based? It 
is not based on any actual, “step-like se 
quence into the past,” nor indirectly on 
that leading back from mammals to 
ostracoderms. 

Our biologist should also ask himself 
how he is to determine where parallel evo- 
lution has, or has not, occurred. The dia- 
grams presented by Ross give the impres- 
sion that he assumes parallel evolution to 
have been rare, if it occurs at all. Such an 
assumption is contrary to a great deal of 
evidence. Practically all paleontologists 
stress the frequency with which parallel 
evolution has occurred. Romer (1949) 
says “The known presence of parallelism 
in so many cases and its suspected pres- 
ence in others suggests that it may have 
been an almost universal phenomenon. A 
close student of the subject may, if 
pressed, be driven to the logical though 
absurd admission of the possibility that 
two animals as closely related as, for ex- 
ample, chimpanzee and gorilla, may have 
evolved in parallel fashion all the way 
from the piscine stage!” 

Given only the well-established facts of 
different, fluctuating evolutionary rates, 
parallel evolution, the tendency of an- 
cestral forms to have become extinct, and 
a group of contemporary specimens, how 
is our biologist to reconstruct the phy- 
logeny of these specimens with any de 
gree of assurance at all! 

Working on the very questionable as- 
sumption that similarity corresponds with 
recency of common ancestry, his diagrams 
will show recent common ancestry be 
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tween slowly evolved species whose com- 
mon ancestry is actually remote in time; 
they will show remote common ancestry 
in those cases where evolution has been 
rapid and common ancestry recent; and in 
eases of parallel evolution his diagrams 
will tend to show common ancestry as 
having been more recent than was actu- 
ally the case. It is one thing to overlook 
the possibility of a few mistakes, but quite 
another to overlook the possibility of so 
many mistakes! The biologist who recon- 
structs phylogeny without fossils must 
accept two conflicting assumptions simul- 
taneously. He must assume that evolu- 
tionary rates have been the same in all 
phyletic lines that concern him (or simi- 
larity will not correspond with recency of 
common ancestry), and he must assume 
that rates of evolution have also been 
different in the phyletic lines that concern 
him (or there will be no “step-like se- 
quence into the past”). How will he de- 
cide whether the most similar of his “liv- 
ing fossils” share the most remote or the 
most recent common ancestry? Does one 
existing genus of roaches share a more 




















Fic. 1. See text for explanation. 


recent common ancestry with another 
genus of roaches, or with grasshoppers? 
Does the German cockroach share a more 
recent common ancestry with the Ameri- 
can cockroach, or with the praying man- 
tis? Roaches were present, as such, in the 
Carboniferous. They have changed rela- 
tively little since that time; but has there 
not been sufficient time for one phyletic 
line, derived from roaches, to become 
grasshoppers since the Carboniferous? 
Amphibians have produced men during 
the same span of time! 

Figure 1 shows a hypothetical “phylo- 
genetic tree” in which parallel evolution 
has occurred, and rates of evolution have 
been unequal (both valid assumptions). 
For the sake of the argument, let us as- 
sume that this is the true “phylogenetic 
tree.” Without fossil evidence, how is one 
to deduce this true phylogeny? 


On “Weighting” Characters 


Taxonomists have known for a long 
time that, when different organisms are 
adapted to similar habitats, they often re- 
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semble one another, superficially, in cer- 
tain characteristics. These deceptive simi- 
larities are usually adaptive. Adaptation 
for flight requires wings, and effective 
wings resemble one another, at least su- 
perficially. Webbed feet are useful for 
swimming and they are present in ducks, 
frogs, beavers, etc. However, frogs are 
not ducks, and ducks are not beavers, 
despite their webbed feet. Consequently, 
taxonomists became suspicious of adap- 
tive characters. With the advent of the 
concept of evolution, the term “plastic” 
was also referred to these unreliable adap- 
tive characters. The two terms have been 
used in a synonymous sense for so long 
that it has become almost habitual to 
think of them as synonymous. Similarly, 
non-adaptive characters are regarded as 
“stable” characters. Generations of stu- 
dents have been urged to seek good, 
“stable,” non-adaptive “conservative” or 
“primitive” characters and to avoid decep- 
tive, “plastic” adaptive characters. 

The original line of reasoning is obvi- 
ous. Similarities in “stable,” non-adap- 
tive characters are more likely to have 
been derived from common ancestry; 
similarities in “plastic,” adaptive charac- 
ters are more likely to be convergent and 
misleading. Although simple and obvious, 
this line of reasoning is as superficial and 
misleading as are the convergent similari- 
ties that brought it about. Actually, most 
of the best taxonomic characters known 
are adaptive. Practically every truly dis- 
tinctive characteristic of birds is an adap- 
tation for flight. Mammalian hair is adap- 
tive. The amnion is adaptive. The suck- 
ing mouthparts of bugs are adaptive; as 
are the biting mouthparts of beetles. The 
four limbs of tetrapods are adaptive, and 
so on. It is not adaptive characters, but 
convergent characters, that should be 
avoided. To avoid adaptive characters 
summarily involves passing over most of 
the best possible taxonomic characters. 

Mayr, Linsley and Usinger (1953) state: 
“Eventually it was realized that charac- 
ters that are adaptive to a specific mode 


—————. 


of living are not only subject to rapid 
changes by selective forces, but may also 
be acquired in different unrelated lines.” 
Why adaptations to a specific mode of liy- 
ing should be subject to rapid changes is 
difficult to understand. Are ducks to be 
forced from the water, and birds from the 
air, because webbed feet and wings, being 
adaptive, are therefore subject to rapid 
changes? Romer (1949) says “once a satis. 
factory adjustment to environment has 
been attained by an animal, evolutionary 
change is necessary only if that environ. 
ment changes; otherwise ‘evolution’ is det- 
rimental.” This appears far more likely, 
characters will tend to become “plastic” 
when they cease to be adaptive, as did the 
legs of snakes, eyes of cave-dwellers, ete, 
The streamlined shape of crossopterygians 
became less adaptive and more “plastic” 
as their descendants became terrestrial. 
While the shape of tetrapods has remained 
adaptive to life on land, it has tended to 
remain stable. In snakes, seals and an- 
cestral whales it became plastic again. 
The shape of whales will probably remain 
stable as long as whales continue to live 
in water. Adaptive characters do not be 
come “plastic” until they cease to be adap- 
tive. Is it reasonable, then, to assume that 
they are subject to rapid changes; that 
they are “plastic?” 

The advisability of seeking non-adaptive 
characters on the grounds that these have 
been “stable” is as questionable as that 
of avoiding adaptive characters on the 
grounds that they are “plastic.” If non 
adaptive characters are stable because 
they are beyond the reach of selection, 
what is the reason for their stability’ 
Adaptive structures are stable as a result 
of selection: they must persist if the or- 
ganisms that possess them are to persist 
in the same environment. If non-adaptive 
structures are not stabilized by selection, 
what is to prevent them from disappear- 
ing? (As legs, eyes, hair, etc., have done). 
If non-adaptive structures are in the act 
of disappearing, is it reasonable to think of 
them as “stable”? 
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The great weakness of pre-Darwinian 
classifications was not a lack of apprecia- 
tion of evolution. Linnaeus recognized 
that whales were not fish and bats were 
not birds. As Cain (1954) points out: 
“Birds, for example, can be recognized as 
a natural group closely related to reptiles 
and mammals, without thereby postulat- 
ing a common ancestor, or any particular 
theory of descent.” A child can quickly 
recognize, with no prompting, that lions, 
tigers, lynxes and leopards are all “cats,” 
and will not confuse tigers and zebras. 
The weakness of pre-Darwinian classifica- 
tions was that they were too often based 
on too few characters. Modern classifica- 
tions have the same weakness. 

Old classifications have been improved 
through the discovery of additional evi- 
dence (specimens) and by more thorough 
studies of previously existing evidence. 
The extent to which they have been im- 
proved through “phylogenetic reasoning” 
is questionable. Any classification based 
on one or a few characters will tend to be 
unsound if these characters turn out to be 
convergent. The best safeguard against 
classifications based on convergent char- 
acters is the consideration of as many 
characters as possible. Linnaeus did not 
merely look at the shape of whales; he 
saw that they were mammals. Any tend- 
ency, then, to base classification on a few, 
rather than on many, characters should 
be regarded with suspicion. 

Mayr, Linsley and Usinger (1953) tell 
us “we must search for characters that 
tend to remain stable, characters that are 
phylogenetically conservative.” Michener 
and Sokal (1957) say that the systema- 
tist’s “judgments as to relationships, and 
hence higher categories, will therefore be 
largely based upon a few characters which 
he finds to be perfectiy associated.” They 
maintain that such characters are more 
likely to be “conservative,” even though 
they are minute and inconspicuous. 

Despite assertions to the contrary, there 
isno really sound method for the determi- 
nation of which characters have been con- 


servative and which have not. The danger 
of mistaking convergent similarities for 
“conservative,” “stable,” or “primitive” 
similarities is only too apparent. Mayr, 
Linsley and Usinger (1953) remind us 
that “pseudoprimitiveness may be ac- 
quired secondarily in phyletic lines by a 
loss of specializations.” For this reason 
alone, concentration on characters that 
are imagined to be conservative can delay 
progress toward sounder classifications 
based on all possible characters. How- 
ever, there are more serious reasons why 
classifications should not be based on 
“conservative” characters. Even assum- 
ing that “conservative” characters can be 
recognized as such with certainty, what 
are the possible results of basing classifi- 
cations upon them? 

The vertebrate tail has been a conserva- 
tive character; it has been handed down 
for 300 million years to a large assemblage 
of contemporary vertebrates. The tail of 
a lizard is basically similar to that of a 
cat. Does this justify placing men with 
frogs in one group, and monkeys with 
salamanders in another? Objections will 
be raised against such a suggestion. It 
might be argued that the vertebrate tail 
is not a conservative character at all, since 
it has not been consistently conservative. 
To be “conservative,” then, must a char- 
acter have evolved slowly in all phyletic 
lines? Are organisms composed of soft, 
plastic “clay” in some parts and hard con- 
servative “marble” in others? Is there any 
known biological “law’ or principle which 
decrees that some characters must evolve 
slowly in all organisms while others must 
evolve rapidly in all organisms? Some- 
thing of this nature is implied by Mayr, 
Linsley and Usinger (1953), when they 
say: “The use of taxonomic characters in 
classification is based on the simple fact 
that some characters change very rapidly 
in evolution, while others only change 
slowly.” However, it is doubtful if any 
biologist would assert dogmatically that 
if a character is conservative in one group 
of organisms it must necessarily be con- 
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servative in others as well. It is certainly 
a “simple fact” that some characters 
evolve slowly, others rapidly; it is also a 
simple fact that some characters evolve 
slowly in some phyletic lines, rapidly in 
others. 

Another objection to the vertebrate tail 
as an example of a conservative character 
is that men and frogs do possess tails 
during the course of their development, 
even though they are practically absent 
in the adults. If the taxonomy of embry- 
onic and immature stages is poorly known, 
however, as in the case of most insects, 
how is the apparent absence of such char- 
acters to be weighted? 

The most universally conservative char- 
acters will be shared by the greatest num- 
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ber of organisms. Good family characters 
will tend to have been less universally 
conservative than will ordinal or class 
characters. Generic characters will have 
been less universally conservative than 
family characters. Any character that has 
been absolutely and universally conserva- 
tive will be useless taxonomically. 
Conservative characters, then, are not 
universally conservative. Consequently, 
they can be as misleading as can con- 
vergent similarities. Grouping vertebrates 
with tails in one group and those without 
tails in another is no better than grouping 
bats with birds or ducks with beavers, 
Oviparity is a “conservative” character, 
Should this character be weighted more 
heavily than hair or mammary glands in 
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the case of the duckbill? When a taxono- 
mist erects a group on the basis of a con- 
servative character, how can he be certain 
that every species in this group does not 
share a more recent common ancestry 
with some species or group of species 
without the character (as in Fig. 2), or 
with the same character in a different 
form (as in Fig. 3). 

The use of conservative characters, 
then, quite apart from the possibility of 
convergence, will not necessarily achieve 
the very “ideal” for which it is intended 
(monophyletic classification). It follows 
naturally, from their very conservatism, 
that of all characters they are least likely 
to reflect relative recency of common an- 
cestry. Having been conservative they 
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will be more likely to reflect remote com- 
mon ancestry; if common ancestry is re- 
mote, more time will have been available 
for the production of “branch lines” in 
which these characters have ceased to be 
conservative. 

The use of conservative characters will 
be no more likely to achieve classifications 
based on overall basic similarity than 
they are to achieve monophyletic classi- 
fication. Organisms may resemble one an- 
other in a few “conservative” characters 
and yet differ extensively in a host of 
other characters. 

If any characters are to be weighted, 
then, there are good reasons why these 
should not be “conservative” characters. 

Far from improving the older classifica- 
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tions, attempts to base classification on 
“phylogeny” actually tend to retard prog- 
ress. The “phylogenetic school” has set up 
an illogical ideal of monophyletic classifi- 
cation and then proceeded to make even 
the attainment of this ideal unlikely, by 
placing undue emphasis on the very sort 
of characters that are least likely to at- 
tain it. By providing apparently sound 
but actually unsound reasons why classi- 
fication should be based on a few rather 
than on many characters, this school has 
tended to justify the breaking up of natu- 
ral groupings based on many characters, 
and the rearrangement of such groups on 
the basis of a few characters. 

Tendencies toward weighting some 
characters more than others are also due 
to preoccupation with taxonomic keys. A 
key gives the impression that the various 
groupings are based on the key characters 
used. Every taxonomist knows that this 
is not the case, and that the groupings 
were based (or should have been based) 
on a thorough appraisal of many charac- 
ters throughout the group. Key charac- 
ters, of course, should be selected only 
after classification has been completed on 
the basis of many characters. Neverthe- 
less, it is only too easy to put the cart 
before the horse and look for key char- 
acters first (in the guise of “primitive” 
or “conservative” characters). The few 
“perfectly associated” characters that 
Michener and Sokal (1957) refer to as 
“conservative” characters, and upon 
which they say the systematist’s classifica- 
tion will be “largely based” are nothing 
more than key characters which are, they 
say, “consistently associated with one 
another among several species, and a 
quite different combination of characters 
associated in another group of species.” 
Michener’s classifications are not based on 
a few minute and inconspicuous charac- 
ters, but on a very large number of char- 
acters. For this reason, his classifications 
seem to me to be very sound, and his keys 
to be very workable. His classifications 
are not, however, based on his key char- 


acters. H. H. Ross has published many 
phylogenetic trees (e.g., 1951, 1953). The 
majority of these are nothing more than 
keys presented in phylogenetic form. In- 
sofar as the classifications presented by 
Ross are based on many characters, they 
tend to be sound; if they are based on 
key (“primitive”) characters alone, how- 
ever, they are likely to be unsound. 
Fortunately, it is difficult to actually 
base classifications on “primitive” key 
characters, for in order to find such char- 
acters the taxonomist is forced to study 
his group very thoroughly. As he does 
this, he will naturally separate the “ti- 
gers” from the “zebras.” If he is a good 
taxonomist he will put off looking for 
key characters until he has classified his 
material to the best of his ability. Since 
his classification has been completed be- 
fore his search for key characters, it can- 
not have been based on these characters! 
The mere presentation of a key in phylo- 
genetic form does not mean that the classi- 
fication was “based on phylogeny.” The 
“phylogenetic tree,” was itself based on 
the classification, and neither proves, dis- 
proves, nor improves that classification! 


Concluding Remarks 


It has been pointed out elsewhere 
(Bigelow, 1956) that monophyletic classi- 
fication is not the ideal of taxonomy. If 
it is found to be in conflict with overall 
basic similarity, as in the case of birds, 
crocodiles and lizards, it is rejected in 
favour of basic similarity. 

The actual extent to which overall simi- 
larity corresponds with recency of com- 
mon ancestry cannot be determined with 
absolute certainty. The available evidence 
suggests, however, that parallel evolution, 
and inequality of evolutionary rates in 
different phyletic lines are probably more 
general in occurrence than is uniformity 
in evolutionary rates in all phyletic lines. 
If so, similarity will not correspond with 
recency of common ancestry in the ma- 
jority of cases, and the accurate recon- 
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struction of phylogeny without ‘cssil evi- 
dence will not be possible. 

The use of “primitive” or “conserva- 
tive” characters on the grounds that these 
are more likely to reflect relative recency 
of common ancestry is unsound. Although 
conservative characters (if they could be 
detected as such with certainty) might be 
less likely to be convergent, they are more 
likely to reflect remote than they are to 
reflect recent common ancestry. It could 
even be stated as a biological principle 
that organisms whose ancestors have 
evolved slowly will tend to be more simi- 
lar, but will share a more remote common 
ancestry with one another than with cer- 
tain other very different organisms which 
have evolved rapidly. Existing reptiles 
can be taken as an example of this 
principle. 

To correspond with evolution, a classifi- 
cation must be based on relative overall 
basic similarity, i.e., on the results of evo- 
lution. Such a classification will corre- 
spond with evolution, but it will probably 
fail to correspond with recency of com- 
mon ancestry. Classifications based on 
actual recency of common ancestry would 
be impracticable and would not corre- 
spond with evolution; they would group 
crocodiles with birds and separate croco- 
diles and lizards. Classification should not 
be based on convergent similarities. The 
best way to detect such similarities, how- 
ever, is to study overall similarity, not to 
look for “primitive” similarities which 
might well prove to be convergent! A 
great deal can be learned about evolution 
through the comparison of existing organ- 
isms, even though phylogeny (i.e., relative 
recency of common ancestry) cannot be 
reconstructed without fossil evidence. Ex- 
isting similarities and differences are the 
facts of evolution. These can be studied 
whether past rates of evolution can be 
known or not. 


The invalid assumptions of the phylo- 
genetic school of taxonomy should be dis- 
carded. Proponents of this school might 
be well advised to consider the conclu- 
sion of R. E. Snodgrass (1951) who, after 
more than half a century of careful study 
of comparative arthropod morphology, de- 
cided that “phylogenetic trees are best 
reared on an eclectic diet.” 
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HE ability to live in fresh water, and 

the viviparous mode of reproduction 
are both so rare among polychaetes that 
it is a matter of some interest that the 
viviparous nereid Nereis limnicola John- 
son (1903) is widespread in estuarine 
situations on the North American Pacific 
coast, as well as in the fresh-water Lake 
Merced in San Francisco, its type local- 
ity. Since its description in 1903, N. 
limnicola has been unreported and pre- 
sumed “lost.” Hartman (1938; p. 79) men- 
tions that the known fresh-water nereids 
include N. limnicola Johnson (1903) and 
that this species “has not been recovered 
since first described.” She also notes that 
the boundaries and bed of Lake Merced 
“have been appreciably altered by dredg- 
ing and roadbuilding operations, and what 
was once the type locality of N. limnicola 
now lies many feet below a road bed.” 
Hartman (1938) described a similar nereid 
under the name of Neanthes lighti from 
small estuaries along the coasts of Marin 
and Sonoma counties to the north of San 
Francisco and from fresh-water pools 
along the Russian River near Healdsburg, 
California. She did not at that time con- 
sider N. lighti a synonym of N. limnicola, 
although later (Hartman in Light et al., 
1954; p. 88) she noted that N. lighti “may 
prove to be N. limnicola. .. .” 

Neanthes lighti has been the subject of 
several studies. The discovery of its vivi- 
parity by Dr. Marian Pettibone was re- 
ported by Hartman (1944; p. 252). Its em- 
bryology has been described by the writer 
(Smith, 1950), who has also (1953, 1957) 
published on its ecology and osmoregula- 
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tion. Viviparous N. lighti have been col- 
lected by the writer from as far south as 
the Salinas River near Monterey, Cali- 
fornia, to as far north as False Bay near 
Friday Harbor, San Juan Island, Washing- 
ton. Furthermore, I have been informed 
by Mr. and Mrs. Berkeley (in litt.) that 
the species occurs, and is viviparous, at 
Nanaimo, Vancouver Island, Canada. It is 
clear that the N. lighti described by Hart- 
man and studied by Smith is viviparous 
throughout its known range, and a form 
in which the production of epitokes or sex- 
ually mature swarming stages is un 
known. It is a Neanthes in the sense that 
this group is characterized by Hartman 
(1940; pp. 214-215, 219; 1954; p. 18). It 
may be noted that Kinberg’s genus Ne- 
anthes (1866) was defined on the basis of 
paragnaths (denticles on the proboscis), 
and it is in the latter sense that the term 
Neanthes is used subgenerically by Fau- 
vel (1923) and most other workers out- 
side the United States. Neanthes as used 
by Hartman has been redefined on the ab- 
sence of the setae (known as falcigers) 
from the posterior notopodia. Falcigers 
are present in Nereis (sensu stricto). To 
the reader unfamiliar with polychaete 
systematics, it is sufficient to say that both 
Nereis and Neanthes are referrable to 
Nereis (sensu lato). 

The writer has recently reported 
(Smith, 1958) the rediscovery of N. limni- 
cola in Lake Merced. This finding, and ex- 
amination of type specimens in the U. S. 
National Museum, have shown that N. 
lighti is a synonym of the earlier-described 
N. limnicola. It seems desirable at this 
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time to clarify several questions concern- 
ing the ecology, characteristics, and rela- 
tionships of N. limnicola that have arisen 
in the years since its description by John- 
son. Johnson has given a sufficient de- 
scription of Lake Merced as it existed in 
his day to make it clear that it has not 
changed appreciably in an ecological sense 
in the present century. He reported in 
1903 that the lake was “perfectly fresh 
(drinkable)” and that it formed part of 
San Francisco’s water supply. That the 
lake is a marine relict is indicated by Law- 
son (1895; p. 474) who has stated that the 
lake represents “a drowned valley of 
stream erosion,” cut off from the sea by 
sand dunes which dammed the lake 
waters to a height of “10 feet above tide. 
Since then the lake has been artificially 
raised another 10 feet.” The lake is young 
in a geological sense, certainly post-Pleis- 
tocene, as indicated by the fact that its 
deepest point was reported by Lawson as 
ten feet below sea level. Johnson found in 
Lake Merced the isopod Neosphaeroma 
oregonensis (Dana), the amphipod Coro- 
phium spinicorne Stimpson, and the my- 
sid Neomysis mercedi Holmes. All of 
these are still present. These species, as 
well as N. limnicola, are characteristic of 
local brackish lagoons or estuaries period- 
ically exposed to tidal action, and from 
such waters the fresh-water population of 
N. limnicola is undoubtedly derived. 

The status of N. limnicola as a species 
must be viewed first in the light of its es- 
tuarine-lacustrine distribution, which di- 
vides it into isolated local populations, and 
in the light of its viviparity. The latter 
seems to stem from hermaphroditism 
which has led to self-fertilization. N. lim- 
nicola is by this fact reproductively iso- 
lated from certain non-viviparous but 
morphologically rather similar species. In 
the discussion which follows, the attempt 
to distinguish N. limnicola from such 
similar species will lead into the broader 
problem of the validity of using reproduc- 
tive habit as a specific characteristic 
among nereid polychaetes. Even if a com- 


pletely satisfactory answer cannot be 
given, the problem seems worth the at- 
tention of biologists. 

The first such similar species which 
must be considered is Nereis japonica 
Izuka (1908, 1912), with which N. limni- 
cola (=lighti) has been considered syn- 
onymous by such experienced systema- 
tists as Berkeley and Berkeley (1956). N. 
japonica is also very similar to the At- 
lantic Nereis diversicolor O. F. Miller. 
Marenzeller’s (1879) record of N. diversi- 
color from Japan is considered referrable 
to N. japonica by Izuka (1912) and by the 
Berkeleys, but the latter also state (1956, 
p. 269): “The two species are extremely 
close. It is doubtful, indeed, whether N. 
japonica should not be regarded as a va- 
riety of N. diversicolor. Both are euryha- 
line. Both have the specialized neuropo- 
dial setae with fused terminations in 
posterior setigers and the forms of the 
parapoaia in the various body regions are 
similar, as also are the spinigerous and 
falcigerous setae. Differentiation is, how- 
ever, quite definite on the basis of the ar- 
rangement of the paragnaths on the ven- 
tral surface of the oral ring of the probos- 
cis (Groups VII and VIII). These form 
a single continuous row in N. japonica, 
whereas in N. diversicolor they are ar- 
ranged in three or four more or less ir- 
regular ones (Izuka .. .).” 

In view of the reported morphological 
similarity and possible identity of N. di- 
versicolor, japonica, and _ limnicola 
(=lighti), together with the fact that 
each group is characterized by a distinctly 
different mode of reproduction, it seemed 
desirable to re-examine the morphological 
basis of the three forms. I have examined 
the paragnaths of 64 N. diversicolor of my 
own collections from six localities in 
northwestern Europe, and 9 specimens 
from the northeastern U. S. (New Hamp- 
shire) kindly furnished by Dr. Marian 
Pettibone. Of N. limnicola (=lighti) I 
have examined 53 specimens from four lo- 
calities in California and one in Washing- 
ton, besides which I have received addi- 
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tional data from Dr. Pettibone on John- 
son’s type specimens of N. limnicola and 
on four specimens of the type lot of N. 
lighti Hartman. Through the kindness of 
Dr. Pettibone, I have also examined three 
specimens of N. japonica from Japan, fur- 
nished by Dr. Huzio Utinomi, and have 
been furnished data on nine additional 
specimens from two Japanese localities. 
The results of this survey of paragnath 
numbers are given in Table I. It is clear 
that much variation and overlap exists, 
and that paragnaths do not furnish a 
means of separating these species. Izuka 
(1908, 1912) distinguished N. japonica 
from N. diversicolor partly by the differ- 
ence in paragnaths of areas VII-VIII, 
which he stated in N. japonica formed a 
single line, but which in Scottish speci- 
mens of N. diversicolor were represented 
as forming a band three or four rows deep. 
I have never found a specimen of N. di- 
versicolor in which the paragnaths of 
areas VII-VIII are as figured by Izuka. 
His sketch of a broad band of 47 conical 
paragnaths seems atypical of N. diversi- 
color, in which the arrangement of parag- 
naths in areas VII-VIII sometimes ap- 
proaches a single line, but is more often a 
major line with one or occasionally two 
lesser lines anterior to it. It is possible 
that Izuka’s figure was drawn from a spec- 
imen in which areas VII-VIII were con- 
siderably contracted. In general, N. lim- 
nicola stands somewhat between the other 
two species in respect to the paragnaths 
in VII-VIII, but there is variation and 
overlap in number, size, color, and ar- 
rangement. Izuka states that N. japonica 
has either two paragnaths or none in area 
I. In my material of N. limnicola, par- 
agnaths of area I vary in number from 
none to five. Only in the Lake Merced 
population does area I commonly lack 
paragnaths (in almost half of the speci- 
mens) but this condition has also been 
seen in a specimen of N. diversicolor from 
the Gulf of Finland. 

Although it has not proved possible to 
separate these three forms by differences 


in paragnaths, examination of setae shows 
that N. diversicolor may be sharply sep- 
arated from the other two. To reach this 
conclusion, I have examined the setae in 
at least four parapodia of each of five N. 
diversicolor from each of the one Ameri- 
can and six European localities listed in 
Table I, and compared these with similar 
preparations made from a total of 34 N. 
limnicola from four western American 
localities. The results are unambiguous 
and have been found true for all individ. 
uals in reasonable state of preservation 
(Table II). I have also examined the setae 
of one immature or atokous and one ma- 
ture male swarmer of N. japonica, and 
have received information from Dr. Petti- 
bone based on a more extensive examina- 
tion of atokous as well as mature male 
and female N. japonica. The results of my 
own and Dr. Pettibone’s observations are 
summarized in Table II. The presence of 
homogomph spinigers in the subacicular 
neuropodial fascicle of both N. limnicola 
and N. japonica clearly differentiates 
these forms from N. diversicolor. The lat- 
ter need not be considered further as a 
senior synonym of N. limnicola or japon- 
ica, but before leaving the subject we 
should mention certain additional points 
raised in our study of N. diversicolor. | 
have been unable to find notopodial fal- 
cigers in N. diversicolor; this is thus a 
Neanthes in the sense used by Hartman 
(1944, 1954). Secondly, it appears that the 
statement by Fauvel (1923, p. 344) that 
N. diversicolor has “Soies dorsales en 
aréte hétérogomphe .. .” is an error or 
misprint. Thirdly, Fauvel’s (1923) Fig. 
133e, labeled “serpe homogomphe”’ is an 
inexact representation of what he de 


1 As a single exception, one parapodium of 
one of my specimens from the Isefjord has a 
heterogomph falciger in the tenth left note 
podium; examination of 13 additional pare 
podia (7-13) on both sides of the same region 
of this specimen failed to reveal another, nor 
has such been seen elsewhere. I conclude that 
it is either a developmental anomaly or 4 
transposed seta from another specimen in the 
same bottle. 





isc 








finasmramrane nam (6D am ames amer «6A cr acerweoe 


Taaaaen TF 


aul] a[ZuIs AT1e8U 
Jo JouluI pue sofeur 


&@ &T 
ce-6T 61-6 


6F Asjaysieg ‘OD ‘1100 
09-0F epeuep ‘ouyeuen 





oull 
asus}  sZuryoeoidde 


ZI ST 
I-41 be-6 c-T 


BE suogijed “Id ‘[[0o 
S¥-ES (‘31eD) Aee1D jeduiays 





SUT] 8[ZuIS UT AT}SOUr 


6I 9T 
oo-ST 2-01 c-T 


(uojSutyse MA ) 
a OT puejs] uenr ues 





dul a[suIs ATsour 


(auoqiied “Iq Aq ch ee Byep ‘2E¢0z “ON WNSN ‘sed4} ueunseH) 
0$-0Z Yaotg sayeuloL 


== ST-€T 





aul] B[8uTs ATTeoT}Oe1d 


9T 4 - 
9-81 02-ZT c-% 


a CHTeO) 
cise OT YaetQ JoxTeM 





eull [T yoeoid 
-de ‘1ejnsai1it ‘yeom 


0g ST qT sn 


SP (FH) 





aul] 3[suIs 
yoeoidde Aeur ‘yeam 


IT &T 


OZ (FITTED) 





oul] JOUTUI pue z0feUur 


(auoqijed “Iq Aq peyoeayo eyep ‘99TS “ON WNSN ‘sed4} uosuyor) 


pT “eo ST-2r T-0 


OF—-0E (4 (JIT@O) pedley ay4eT 





Djooyuwme *N 








A[10}.10}Ue B1}x9 
M2zj 8 JO MOI a[Zuls 


Se-6Z 8-F 


0ZI-08 g ueder ‘jinp eunfoy 





MOI JeTN 
-Baiit ATWYSIs ‘alsZurs 


8h-ZE 


ueder 
0ZT-OL 9 ‘eulieH ‘pley-i1es OV 





(au0gij}ed “Iq wos Byep) DI2WOdDf *N 








aul] JouTW pue 
dofeul 10 sul, a[qnop 


SP 


r¢ VSO ‘aitysdweyH MeN 
OL-LZ 6 yoeeg uosi1euIg 





aul] 1OUTWI pue 10feur 


£9 (pue[ury) 
OOT-SP (as SUUTULICA TL, 





pueq 10 aul, atqnop 


&9 (yareuruaq ) 
08-0S or p1ofyes] 





aaoge se 


6¢ (yynours4[g 1e38u 





aUIT 9UO IO aAOge se 


LZ (yynoulATd Jean) 
cOI-cEé oT aspliqssury 





aul] JOUTUI pue z0feUr 


62 (aoue.y ) 
0ZT-S¢ (a! Yoosoy 





pueq 10 dul] atqnop 


UIUT 69 (PUueT}OIS ) 
STI-SP oT WOdIITN 





401091S4a01p *N 





ITIA-IIA 


HLONGT GANINV ALITVOOT 
Adod pee 


-WON 





SHANNON HLIVNOVUVG 40 NOSIXVANOD—][ ATaVL 








SYSTEMATIC ZOOLOGY 





TABLE II—DIsTRIBUTION OF SETAL TYPES 





N. JAPONICA 











N. DIVERSICOLOR N. LIMNICOLA (ATOKOUS) 
Notopodial Homogomph spinigers Homogomph spinigers Homogomph 
setae spinigers 
Superior Homogomph spinigers;2-4stout As in N. diversicolor As in N. diver- 
neuropodial heterogomph falcigers in an- sicolor 
fascicle terior parapodia, replaced by 
1-2 heavy fused setae in pos- 
terior half of body 
Inferior Heterogomph spinigers above Homogomph spinigers As in N. limni- 
(subacicular) and heterogomph falcigers above, then a variable cola 
neuropodial below; some __ transitional number of heterogomph 
fascicle types spinigers with hetero- 


gomph falcigers below 





scribes (p. 344) as follows: “Dans la 
région postérieure, apparait au faisceau 
ventrale supérieur une grosse serpe homo- 
gomphe dont l’article en form de dent 
mousse est soudé 4 la hampe (e).” Clearly, 
what Fauvel had in mind were the heavy 
setae with fused tips characteristic of the 
posterior regions of N. diversicolor, ja- 
ponica and limnicola, which are not truly 
homogomph but, rather, serially homol- 
ogous with the strong heterogomph fal- 
cigers of the superior neuropodial fascicle 
in the anterior half of the body. Fauvel’s 
Fig. 133e resembles the empty socket of a 
heterogomph seta from which the distal 
article has fallen away; the elongated side 
of the socket may appear as a lenticular or 
fusiform body held between the sides of 
the cup as seen in optical section. This 
effect may be noticed whenever any large 
series of worms is examined. 

The morphology of composite setae is 
complex. In any individual nereid of those 
species under discussion there is evidently 
an anterior-posterior gradient in which 
serially homologous setae may show dif- 
ferent forms; for example, the stout heter- 
ogomph falcigers of the anterior superior 
neuropodial fascicles pass by transitional 
types to the heavy, dark, fused setae of the 
same fascicle in the posterior portion of 
the body. There must also be dorso-ven- 
tral developmental gradients in setal form 
within each individual parapodium; thus 
in N. diversicolor the heterogomph spin- 


igers of the subacicular neuropodial fas- 
cicle grade by transitional short-bladed 
types into the more ventrally placed typi- 
cal heterogomph falcigers. In the case of 
N. limnicola, the same is true, and in addi- 
tion it is possible that the homogomph 
spinigers which occupy the most dorsal 
position in the subacicular fascicle grade 
into the heterogomph spinigers below 
them. However, transitional setae may 
not be present in other instances; I have 
never seen anything suggesting a transi- 
tion between the superior neuropodial 
homogomph spinigers and the heavy het- 
erogomph falcigers which lie alongside 
them (although usually in a discrete 
group and at an angle to the spinigers). 
Since it is clear that the anterior-posterior 
and dorsal-ventral gradients in setal form 
render each parapodium on the side of a 
nereid in a sense unique, and since setae 
are meristic characters probably suscep- 
tible to environmental as well as genetic 
modification during development, it is not 
surprising that minor variations, espe 
cially in number, are common. The fact 
that both N. diversicolor and N. limnicola 
are, by their brackish-water habitat, 
broken up into small local populations, 
and the fact that neither has planktonic 
larvae, undoubtedly favor the retention of 
small variations among separate popula- 
tions. In view of the expected variability, 
it is of importance that N. diversicolor 
and N. limnicola be separable by a clear- 
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cut difference involving presence or ab- 
sence of a setal type in the inferior neuro- 
podial fascicle. 

But, on the other hand, we do not see 
such a clearly definable difference be- 
tween the setae of N. limnicola and of ato- 
kous N. japonica. It may be possible to 
distinguish these forms by means of qual- 
itative difference in setal form, particu- 
larly by slight differences in serration and 
form of blade of the falcigers. However, 
the scarcity of japonica material available 
to me, and the fact that such features are 
below the level of those currently used as 
specific characters in nereids, make it 
seem more pertinent to examine the dif- 
ferences in reproductive pattern which so 
strongly characterize the forms under 
consideration. 

These reproductive differences, listed 
below, are not only incompatible with 
each other, but no intergrades have been 
demonstrated. 

N. diversicolor: dioecious, atokous, ovip- 
arous: fertilization oc- 
curs in burrows. 

N. japonica: dioecious, oviparous; repro- 
duces by swimming epi- 
tokes (see below). 

N. limnicola: hermaphroditic, atokous, 
viviparous; internal 
self-fertilization. 

In his original description of N. japon- 
ica, Izuka stated (1912, p. 164): “There is 
no marked structural difference between 
the immature and the mature .. . stages,” 
and on p. 165: “There is no. . . change 
in the . . . parapodia, in the setae, or in 
the eyes.” The mature worms swarm at 
the surface, unlike N. diversicolor, in 
which fertilization is accomplished on the 
bottom, where the females seek out the 
scarce males (Dales, 1950). On the basis 
of Izuka’s statements, Reish (1957, p. 224) 
has classed N. japonica as “not epitokal.” 
However, examination of mature swarm- 
ers of N. japonica indicates that Izuka’s 
Statements are misleading, and that the 
Sswarmers are indeed modified. Dr. Petti- 
bone, after examining a series of swarm- 





ers, has contributed the following infor- 
mation (in litt.) which is quoted with her 
permission: 


Swarmers of N. japonica show a great in- 
crease in number of setae (this increase being 
in homogomph spinigers, not in homogomph 
setae with paddle-like blades as in typical het- 
eronereids) and some flattening and changes 
in shape of parapodial ligules (not as extreme 
as in typical heteronereids). The males de- 
velop a fimbriated anal ring (as in typical 
male heteronereids) and more elongated cy- 
lindrical anterior dorsal cirri with a tendency 
to be clubbed subdistally (not so pronounced 
as in typical heteronereids). There is some 
modification of the setae; in addition to the 
great increase in number of the homogomph 
spinigerous type of setae, some slightly heter- 
ogomph and homogomph falcigers with long 
blades occur in the neuropodial fascicles. 


It should be noted that the swarmers of 
N. japonica are not “heteronereids.” They 
are, to be sure, modified as swarmers, but 
they lack the limbate setae, the enlarge- 
ment of the eyes, the pronounced beading 
of dorsal cirri in the male, and the sharp 
division of the body into two or three 
regions which characterize the typical 
heteronereid form. Despite changes in 
setae, they retain all the characteristic 
setae of the atokous form, including the 
fused setae in the posterior neuropodia. 
Turning to N. limnicola, we see a form 
in which modification as male or female 
swarmers has never been reported. In the 
close examination of hundreds of individ- 
uals, I have never found a male (Smith, 
1950 and subsequently); the form repro- 
duces as the result of hermaphroditic in- 
ternal self-fertilization and viviparous de- 
velopment of the young in the coelomic 
cavity of the parent. The reproductive iso- 
lation from N. japonica is thus not merely 
a geographical matter; it is functional and 
complete, and would be so even were the 
now separate ranges to merge.? On the 


2The statement that the ranges of N. ja- 
ponica and N. limnicola are separate is based 
on the absence of records from the arctic Pa- 
cific, and the belief that the western Canadian 
record of N. japonica by Berkeley and Berke- 
ley (1948), which was based on non-reproduc- 
tive (atokous) specimens from Lost Lagoon, 
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basis of functional reproductive isolation, 
there is justification for considering N. 
limnicola and N. japonica specifically dis- 
tinct. Such a view is not novel, for in their 
recent textbook of systematic zoology, 
Mayr, Linsley, and Usinger (1953, p. 25) 
conclude concerning the definition of spe- 
cies: “In spite of practical difficulties in 
its application, reproductive isolation has 
proved to be the soundest theoretical cri- 
terion. Species may therefore be defined 
as follows: Species are groups of actu- 
ally (or potentially) interbreeding natural 
populations which are reproductively iso- 
lated from other such groups.” 

One of the “practical difficulties” en- 
countered in applying the above concept to 
the present problem is the great morpho- 
logical similarity between N. limnicola and 
the atokous N. japonica. This difficulty 
can be resolved if we focus attention on 
the sexually mature stages of the forms in 
question. To hold that they are but repro- 
ductive races of the same species is to 
shift attention away from differences of a 
morphological nature between the adult 
reproductive forms, and to base our classi- 
fication upon the atokous stages, or more 
specifically, to compare the sexually ma- 
ture N. limnicola with an immature stage 
of N. japonica. While one might object to 
considering the presence of developing lar- 
vae in the coelom a morphological trait in 
N. limnicola, it can scarcely be denied that 
the great increase in number of homo- 
gomph spinigers, the presence of homo- 
gomph falcigers, the modified parapodia, 
and other characteristics of the adult male 
and female swarmers of N. japonica are 
not merely physiological, but also sound 
morphological features. 

It is entirely understandable that sys- 
tematists have preferred not to use 
strictly physiological traits as_ specific 
characteristics in annelids. The recogni- 
tion of physiological races is difficult at 





Vancouver, is referrable to N. limnicola. I 
have recently been informed by the Berkeleys 
that this form in the vicinity of Nanaimo, 
British Columbia, is viviparous. 





best, even with living material, and may 
be quite impossible otherwise. Nor is it 
sound to argue that geographical isolation 
should, of itself, be considered grounds for 
recognition of species. The view that N, 
limnicola and N. japonica are most con- 
servatively considered as separate species 
is not based upon the fact that they are 
geographically separated (although this 
separation may have been one of the 
mechanisms by which their distinction 
has been brought about). Rather, I would 
suggest that differences in reproductive 
habit having a genetic basis have produced 
significant morphological as well as phys- 
iological differences in the respective 
adults, as a consequence of which a func- 
tional reproductive isolation has been at- 
tained which will forever prevent the 
merging of the two reproductively distinct 
populations. Whether N. limnicola and 
N. japonica are considered subspecies (a 
view which focuses attention on their 
morphological similarities and possible 
common ancestry) or as species (a view 
which stresses their distinctness as ge- 
netic and reproductive entities) may not 
be of first importance. But it seems most 
reasonable to conclude that N. limnicola 
and N. japonica are entities distinguished 
by reproductive habit and by the morphol- 
ogy of the sexually mature individuals; 
entities in my opinion of specific rank, 
but in any case, entities. 

If one were to decide on the basis of 
their morphological similarity that N. lim- 
nicola and N. japonica were conspecific 
subspecies (or reproductive races) he 
must, in effect, write into their nomencla- 
ture that these forms are related in an 
evolutionary sense and that they are still 
not reproductively isolated. If one classi- 
fies them as species, he stresses their dis- 
tinctness as reproductively isolated popu- 
lation entities and emphasizes the morpho 
logical differences between the sexually 
mature phases. In the latter procedure, 
no opinion is expressed in the nomencla- 
ture as to the degree of relationship or, by 
implication, the evolutionary pathway 
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leading to these distinctly different repro- 
ductive groups. Thus, to regard N. limni- 
cola and N. japonica as species is simply 
to classify; whereas to name them as sub- 
species is to indicate a closer relationship 
than the fact of their reproductive isola- 
tion permits, and, furthermore, toe express 
an opinion as to the course of their evolu- 
tion which present information may be in- 
sufficient to justify. 

It might be possible to refer to the vi- 
viparous N. limnicola as a “reproductive- 
form-isolate” rather than as a species, im- 
plying by this terminology that the vivip- 
arous limincola has been isolated from a 
less specialized stock, in this instance, N. 
japonica. However, if the two were con- 
specific, limnicola would have nomencla- 
torial priority, and an awkward situation 
results in which the specialized hermaph- 
roditic derivative is considered the type 
of the species, although in an evolutionary 
sense, japonica is more probably repre- 
sentative of the ancestral condition. 

Because the function of classification is 
to classify, and not to describe evolution- 
ary mechanisms, and since we cannot 
alter the nomenclatorial priority of spe- 
cific names to fit changing concepts of the 
course of evolution, the writer suggests 
that it would be unwise to synonymize N. 
japonica with N. limnicola. We would pre- 
fer to recognize three separate species: 
Nereis diversicolor O. F. Miiller, Nereis 
limnicola Johnson, and Nereis japonica 
Izuka, and to express the opinion that the 
latter two may be closer to each other 
than they are to N. diversicolor. 


Discussion 


In using the generic designation Nereis, 
I am aware that these three species could 
be placed in Neanthes according to Hart- 
man’s usage, or in Nereis (Nereis) accord- 
ing to the usage of Fauvel (1923) and 
others, following Kinberg (1866). Since 
this point is not material to the present 
thesis, it is best left to polychaete system- 
atists for decision. However, it may be 
pointed out that the use of the genera 


Neanthes and Nereis as redefined by Hart- 
man upon the basis of setae has the prac- 
tical disadvantage that the defining setae 
are sometimes lost in the fully-developed 
heteronereids, which thus cannot be clas- 
sified to genus unless younger stages are 
known. It would seem on general grounds 
unwise to base a generic distinction upon 
characteristics lacking in the fully devel- 
oped reproductive individuals, in this in- 
stance the heteronereids. As sub-generic 
categories, the Neanthes and Nereis of 
Hartman would not be subject to this 
objection. 

A point of difficulty arises if we attempt 
to fit N. limnicola into the definition of a 
species quoted above from Mayr, Linsley 
and Usinger. However reproductively iso- 
lated N. limnicola may be as a group, its 
members do not interbreed among them- 
selves. By virtue of the habit of self-fertil- 
ization, each individual is in a sense a 
species unto itself, genetically isolated 
from all other individuals. This difficulty 
may be by-passed by proceeding on the 
asumption that a population of self-ferti- 
lizing hermaphrodites may be considered 
as one species if its members show a de- 
gree of uniformity comparable to that ex- 
pected in an interbreeding species, as well 
as the other attributes of reproductive 
isolation and morphological distinctness. 

The question of how selection operates 
upon such a population will bear further 
study. In view of the tendency of N. lim- 
nicola to be broken into isolated popula- 
tions, it is unlikely that the entire western 
American population could have arisen 
from a single self-fertilizing hermaphro- 
ditic individual. Rather, a genetic tend- 
ency for internal self-fertilization and in- 
cipient viviparity, such as is seen in 
Platynereis massiliensis, may have been 
widespread throughout estuarine popula- 
tions of the stock ancestral to N. limnicola. 
Were this the case, in a population of con- 
secutively hermaphroditic forms, there 
may have been opportunities for selection 
of viviparity at many points in space and 
time. It is probable that fresh or oligoha- 
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line water during pluvial periods would 
constitute a most effective selective force 
favoring viviparous individuals and tend- 
ing to eliminate others. Viviparity need 
not be considered a necessary adaptation 
for survival of an individual nereid in 
fresh water, as is shown by the ability of 
the purely oviparous N. diversicolor to 
withstand fresh water under experimental 
conditions, or periodically in nature, pro- 
vided that the temperature is not too low 
(Smith, 1957). But for reproduction in 
fresh water, viviparity may be of immense 
value, indeed quite indispensable for the 
survival of a population deprived of peri- 
odic access to more saline water. Thus, a 
widespread genetic tendency to viviparity, 
even if rarely expressed, in a consecutively 
hermaphroditic cross-fertilizing popula- 
tion may have been rigorously selected 
again and again in estuarine situations 
exposed to repeated drastic lowering of 
salinity for extended periods. Once the 
habit of viviparity based upon self-fertili- 
zation had become genetically established, 
further selection could continue. It must 
not be assumed that genetic variability 
has been lost in N. limnicola. Meiosis and 
fertilization provide genetic recombina- 
tion at each generation and thus furnish 
material for selection. Given an initial re- 
serve of genetic variability appropriate to 
an estuarine species, and given approxi- 
mately similar environmental selective 
forces such as exist over the present range 
of N. limnicola in western American estu- 
aries, a population having essentially the 
characteristics of a species, though not in- 
terbreeding, could reasonably develop. 

On the basis of their similar atokous 
form, their disjunct distribution around 
the North Pacific, and their different 
modes of reproduction, it is possible to 
infer at least three patterns of the evolu- 
tion of N. limnicola and N. japonica: 

1. They might not be closely related, 
but might show a convergence or paral- 
lelism of characters in the atokous stage, 
reflecting similar habitats but retaining 
basic differences in reproductive habit. 


2. They might both stem from one spe- 
cies defined by the characteristics of the 
atokous form, which might be regarded as 
the ancestral type. Divergence into sub- 
species or species might have resulted 
from the development of viviparity in the 
North American population and the de- 
velopment of the epitokous stage as a 
terminal addition to the life history of the 
Asiatic population. 

3. They might both stem from one spe- 
cies defined on the characteristics of the 
sexually mature swarmers, here regarded 
as the more primitive type. Divergence 
into subspecies or species has resulted 
from the assumption first of a neotenous 
and then of a viviparous mode of repro- 
duction in the atokous form in North 
America, while the Asiatic population has 
retained the more primitive pattern of 
reproduction by swimming males and fe- 
males. N. limnicola, in this view, arose by 
a process of neoteny, that is to say, by the 
assumption of reproduction in an “im- 
mature” atokous stage and by the loss of 
the terminal swimming stage. The writer 
considers this last pattern of evolution as 
the most reasonable explanation. 

N. limnicola and japonica are not 
unique among nereids in being similar 
species with unlike modes of reproduc- 
tion. A comparable but more complex 
situation is presented by the group of spe- 
cies which include and resemble the Ev- 
ropean Platynereis dumerilii (Audouin 
and Milne Edwards), which reproduces 
by well-developed male and female het- 
eronereids. On the east coast of North 
America there exists the morphologically 
very similar P. megalops (Verrill) which 
has been the object of many embryolog- 
ical studies at Woods Hole. Its hetero 
nereids show great sexual dimorphism 
and have a unique and readily demonstra- 
ble pattern of copulation resulting in 
internal fertilization just prior to the 
shedding of the eggs, as has been well 
described by Just (1914). In contrast, the 
heteronereids of P. dumerilii swarm in 
typical fashion, and shed eggs and sperm 
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freely into the water (Just, 1929). The re- 
productive isolation of these species is 
thus of a functional nature, and is not 
merely the result of disjunct distribution. 
That cross-fertilization from any inter- 
specific mating attempts is highly unlikely 
is suggested by the finding of Just (1915) 
that the eggs of P. megalops can be ferti- 
lized only in the coelomic fluid; they be- 
come unfertilizable after 30 seconds in 
sea water. Because of morphological simi- 
larity, these forms have been considered 
conspecific by Hartman (1945), a view 
which accords no weight to the evidence 
of reproductive isolation. However expe- 
dient this lumping may be to the systema- 
tist, it tends to conceal what is perhaps 
the most significant biological fact about 
these two forms. P. megalops and P. du- 
merilii are of peculiar importance to biol- 
ogists in general. They have furnished 
material for a large number of embryo- 
logical and physiological studies. Physiol- 
ogists and embryologists have a vital in- 
terest in the relationships and evolution 
of these forms, and are in a position to 
add information on the physiological prop- 
erties and reproductive pattern of these 
incipient, questionable, or actual species. 
As I attempted to point out earlier 
(Smith, 1952), there is need for coopera- 
tion between systematists and experimen- 
tal biologists in problems of this sort 
which offer material for a broader under- 
standing of evolutionary processes. To 
adopt the essentially conservative course 
of considering as distinct species those 
forms the sexually mature phases of 
which (in this instance, heteronereids) 
possess functional reproductive isolation 
is to keep the problem open for further 
and more in'© ative studies. It would 
seem as premature to synonymize P. meg- 
alops of Woods Hole with P. dumerilii of 
the Mediterranean as it is to synonymize 
N. japonica with N. limnicola. This neither 
implies that opinions to the contrary are 
not possible, nor that they may not, after 
more extended study, prove to be correct. 

But in connection with the problem of 


N. limnicola and N. japonica, another rela- 
tive of P. dumerilii provides an even more 
striking analogy. The atokous, hermaph- 
roditic, Platynereis massiliensis (Moquin- 
Tandon, 1869) of the Mediterranean has 
been considered conspecific with P. du- 
merilii by Hempelmann (1911) and many 
later authors. However, MHauenschild 
(1951) has demonstrated clearly that P. 
dumerilii reproduces in the heteronereid 
form, releasing small eggs with little yolk 
which give rise to free-swimming “planc- 
togen” larvae, but that P. massiliensis re- 
produces in its tubes in the atokous form, 


‘releasing large yolky eggs which give rise 


to benthic “nereidogen” larvae. The 
spermatozoa of the two forms differ mark- 
edly in shape, and inter-fertilization ap- 
pears to be impossible. The “planctogen” 
larvae of P. dumerilii develop into repro- 
ductive heteronereids; the “nereidogen” 
larvae of P. massiliensis develop to sexual 
maturity only as atokous protandric her- 
maphrodites. Hauenschild reports that oc- 
casionally there may occur internal self- 
fertilization resulting in the presence of 
cleaving eggs in the coelomic fluid of P. 
massiliensis, aS was earlier observed by 
Metschnikoff (reported by Claparéde, 
1870). Durchon (1955) agrees with Hau- 
enschild’s facts, and even with his inter- 
pretation, for he states (p. 185) that P. 
dumerilii and P. massiliensis “. . . doivent 
donc étre considérées commes distinctes 
. . .’, but he goes on to conclude that, in 
the absence of information on the chrom- 
osomal picture, “. . . nous préférons per- 
sonnellement considérer ces deux formes 
commes deux races physiologiques d’une 
méme espéce.” It is evident that different 
workers hold very different opinions on 
the merits of using reproductive pattern 
and reproductive isolation as specific char- 
acteristics, but it would appear most logi- 
cal to the writer to consider P. massiliensis 
specifically distinct from P. dumerilii on 
the basis of Hauenschild’s careful study. 
This situation is quite comparable to that 
of N. limnicola and N. japonica. Further- 
more, we may see in P. massiliensis an 
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example of a process by which viviparity 
in N. limnicola might have arisen.* 

The foregoing facts suggest a pattern in 
the evolution of reproductive diversity 
among the Nereidae, in which we may 
recognize several levels of reproductive 
specialization or derived simplification: 

1. The most primitive method may be 
that of reproduction by male and female 
swarmers. Whether we regard the typical 
heteronereid as primitive, or consider it 
a specialization of a less modified epitoke 
like that of N. japonica, is a problem that 
cannot at this point be answered. The 
present thesis suggests that some sort of 
swimming reproductive phase is to be con- 
sidered a primitive nereid characteristic. 

2. As a derived reproductive pattern, 
we may consider the attainment of sexual 
maturity in the atokous stage by a process 
of neoteny, with corresponding loss of the 
epitokous stage. This shift could be ac- 
complished gradually within the species, 
with a genetic basis possibly labile in re- 
sponse to environmental conditions. We 
could envision epitoky persisting in cer- 
tain parts of the range even after epitoky 
had become nearly or wholly eliminated 
in other regions. No reproductive isolation 
need be the consequence as long as the 
atokes continued to be of separate sexes. 
This condition perhaps characterizes Peri- 
nereis cultrifera and Nereis (Ceratone- 


8 There have also been reports of viviparity 
in N. diversicolor. The earlier accounts, re- 
viewed by Smith (1950) and Dales (1950), are 
unreliable, but the recent observations of 
Bogucki (1953) and Durchon (1957) deserve 
serious consideration. Both have reported 
eggs cleaving in a generally irregular fashion 
in the coelomic fluid, and both have seen a 
few ciliated intracoelomic larvae. In both 
reports, the impression is conveyed that the 
observed development is parthenogenetic and 
probably abnormal, not capable of producing 
viable young. Yet it is not impossible that 
such a tendency might lead to successful vivi- 
parity with a basis in parthenogenesis. It 
seems clear that the hermaphroditic vivipar- 
ity of N. limnicola could not have proceeded 
from such a basis, but rather from a condition 
like that shown in Platynereis massiliensis. 





reis) costae (see discussions by Durchon, 
1955, 1956a). 

3. Asa further derivation, we may have 
the attainment of reproductive isolation of 
the atokous form as in N. diversicolor, 
based upon accumulated differences in 
gametes and other features. 

4. In certain instances there may be the 
development of hermaphroditism, as ex- 
emplified by P. massiliensis. 

5. The development of viviparity by in- 
ternal self-fertilization as in N. limnicola 
might follow step (4). In this instance 
there has been a reduction in number of 
spermatozoa, and a delay in the time of 
their appearance such that they are usu- 
ally detectable only at or near the time 
the eggs ripen (Smith, 1950). 

6. As a specialization, rather than a re- 
duction, of the heteronereid phase, we see 
the development of a form of copulation 
and internal cross-fertilization between 
epitokes, as in Platynereis megalops. This 
unique process confers reproductive iso- 
lation, the biological basis of specific dis- 
tinctness. 

7. Another instance of specialization, 
but in an atokous form, is seen in the 
development by Micronereis of clasping- 
hook-like setae by which the male holds 
the female. According to the Berkeleys 
(1953), sperm are emitted by the male 
only after most of the eggs are laid by 
the female; fertilization is external. How- 
ever Rullier (1954), after observing a dif- 
ferent species of Micronereis, concludes 
that sperm are introduced into the female 
through holes torn by the attachment- 
setae, and that fertilization is internal. 
These differing observations are not mu- 
tually exclusive, and further study may 
reveal stages in the development of in- 
ternal fertilization in Micronereis. 

The consideration of the epitokous or 
swimming terminal stage as primitive 
among the Nereidae finds an analogy in 
the view that the hydromedusa represents 
the primitive sexually mature form of the 
Hydrozoa. The arguments advanced by 
Rees (1957, p. 495 et seq.) in favor of bas- 
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ing generic distinctions upon the medu- 
soid phase, even when hydroid stages may 
pe indistinguishable, have cogency in the 
present connection, although it must be 
understood that the existence of an anal- 
ogy among Hydrozoa is no evidence that 
the swimming phase is primitive among 
Polychaeta. To settle the question of the 
primitive vs. specialized nature of the 
epitokous or heteronereid form is beyond 
the scope of this paper, but attention may 
be called to the remarkable similarity of 
detail seen in heteronereids of different 
species. It may be simpler to consider the 
heteronereid as a primitive sexually ma- 
ture nereid, with its loss in many lines 
resulting in atokous reproduction, than to 
consider that complex heteronereids with 
their remarkable parallelism of detail 
evolved independently many times within 
the family. 

The admirable studies of Durchon 
(1952, 19560) on the development of 
nereids have indicated a hormonal con- 
trol of the development of epitoky. Elimi- 
nation by brain removal of a factor ap- 
parently inhibiting epitoky releases a 
premature onset of the epitokous form; 
this suggests the presence of an epitoke- 
producing tendency elsewhere in the 
body. However, Durchon has also shown 
(1956b) that the operation of the brain 
removal will not induce epitoky in species 
or populations where epitoky does not 
naturally occur. It is apparent that in 
such populations either the body as a 
whole is unresponsive to the epitoke-in- 
ducing factor(s) or else these factors 
themselves have ceased to be operative. 
This must have a genetic basis, although 
environmental influences are not ruled 
out; studies of the genetic potentialities of 
epitoke formation are badly needed. Bacci 
(1950) points out that the protandric her- 
maphroditism of Platynereis massiliensis 
is of a non-balanced type, and that the rel- 
ative durations of male, female, and tran- 
sitional hermaphroditic phases may be ex- 
pected to vary in different parts of the 
range of the species. His paper and others 


cited in it point the way to further stud- 
ies which might elucidate the problem 
of sexuality in relation to speciation 
among nereids. The problems presented 
by reproductive polymorphism among 
polychaetes are challengingly complex, 
and their solution will demand the utmost 
in codperation among systematists, ecol- 
ogists, geneticists, and comparative bi- 
ologists. 


Summary 


1. The viviparous and atokous N. lim- 
nicola Johnson (=Neanthes lighti Hart- 
man) of the North American Pacific coast 
is an entity reproductively isolated and 
distinct from the oviparous and epitokous 
Nereis japonica Izuka of Japan. 

2. The oviparous and atokous Nereis 
diversicolor of North Atlantic waters is 
shown to be distinguishable by its setae 
from either N. limnicola or N. japonica, 
which closely resemble each other in this 
respect. 

3. It is concluded that the specific char- 
acteristics of N. limnicola and N. japonica 
include their different and mutually ex- 
clusive methods of reproduction, as well 
as the morphological differences between 
the sexually mature phases of the two 
species. 

4. If these two species have been de- 
rived from a common stock, it would ap- 
pear that N. limnicola has diverged from 
the ancestral pattern by the assumption 
of neotenous viviparity and loss of the 
terminal epitokous stage. 

5. Comparison with the analogous situ- 
ation of Platynereis dumerilii and P. mas- 
siliensis suggests that viviparity in N. 
limnicola may have been reached through 
protandric consecutive sexuality leading 
to hermaphroditism and internal self-fer- 
tilization. 

6. The evolution of reproductive poly- 
morphism among nereid species has re- 
sulted in at least the following modes of 
reproduction: (1) reproduction by epi- 
tokous males and females as the most 
primitive pattern; (2) the gradual intro- 
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duction of neotenic reproduction by ato- 
kous males and females; (3) development 
of reproductive isolation in atokously re- 
producing populations; (4) in some in- 
stances, functional hermaphroditism aris- 
ing from protandry; (5) viviparity in N. 
limnicola, derived by internal self-fertili- 
zation of hermaphrodites; (6) the develop- 
ment of copulation and internal cross-fer- 
tilization as a specialization of the epitok- 
ous stage itself in the single instance of 
Platynereis megalops; and (7) clasping 
and possibly internal fertilization in Mi- 
cronereis as a specialization of the atokous 
form. 

7. It is suggested that the epitokous 
stage is the primitive reproductive form in 
the Nereidae, and that atokous reproduc- 
tion represents a simplification of the life 
cycle. The presence of the epitokous stage 
or of neotenous reproductive methods re- 
sulting in reproductive isolation may be 
included among the taxonomically impor- 
tant characteristics of polychaete species, 
somewhat as medusoid stages furnish im- 
portant generic characteristics in the 
Hydrozoa. 
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Taxonomy of the Salivary Glands 
of Vertebrates 


N vertebrates the salivary glands are 

either unicellular or form distinct 
glandular aggregations. The number and 
the irregular distribution of the unicellu- 
lar glands are beyond any classification. 
Consequently my attempts are directed 
towards systematisation of distinct and 
constant aggregations of the secretory 
cells of the oral cavity of vertebrates and 
of the anterior part of their digestive 
tract. The position and number of these 
glands differ greatly in various verte- 
brates. Furthermore, at present there is 
no satisfactory and uniform classification 
of the salivary glands of vertebrates. 

The difficulties in formulation of a 
suitable classification of the salivary 
glands of vertebrates have arisen chiefly 
from the lack of adequate data about their 
comparative embryology and from the 
use, especially by earlier investigators, 
of a number of inconsistent nomencla- 
tures. The latter resulted in much con- 
fusion. To be more specific, it is very dif- 
ficult to find, for instance, a detailed 
description of the development of the 
salivary glands in reptiles. I was unable 
to find anything other than a rather gen- 
eral account by Reichel (1883), who in- 
vestigated a few embryos of T'repidonotus 
natrix (Ophidia). According to him, the 
glandular primordia of the salivary glands 
of snakes appears later than Jacobson’s 
organ and could be seen in embryos of 6.4 
cm in length (length of the head 6.2 mm); 
the superior labial gland had two distinct 
parts differing in colour, one grey and the 
other yellow; the superior labial gland 
and the rostral gland have a common 
primordium; while the posterior and an- 
terior groups of the intermandibular 
gland develop from the same epithelial 
bud. 


RICHARD TUCKER 


Knowledge of the salivary gland’s dif- 
ferentiation is essential for outlining the 
homologies between the salivary glands 
of vertebrates. Therefore, as long as the 
embryology of the reptilian oral cavity 
is so little known, so will our knowledge 
about differentiation and the phylogeny 
of the salivary glands of vertebrates be 
incomplete and insufficient to outline any 
taxonomical concept on a phylogenetic 
basis. 

Additional difficulties are caused by the 
divergent differentiation of various parts 
of the compound salivary glands, as well 
as by the fact that, especially in birds, 
separate groups of salivary glands often 
pass one into the other. This merging of 
salivary glands in birds is well pro 
nounced in ducks and, according to 
Anthony (1919), also in Eulabes javenen- 
sis and Chelidon urbica in which the 
posterior palatine glands join the ptery- 
goid glands. Another example is fur- 
nished by the connection of the lingual 
superior glands and the cricoarythenoidal 
glands of Passer domesticus, Erithaeus 
rubecula and Chelidon urbica. 


Phylogenesis and Phylogenetic Differen- 
tiation of the Salivary Gland 


It is generally considered that cyclo 
stomes and fish do not possess salivary 
glands. However, it may be pointed out 
for historical interest that Rathke 
(Reichel, 1883) mentioned salivary glands 
in carp, and according to Reichel (1883) 
Retzius in 1879 described as _ salivary 
glands a pink organ situated between the 
mandibular muscles of various Teleostei. 

As was mentioned above, salivary 
glands appear primarily as unicellular 
mucous glands. The ability of the salivary 
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glands to produce mucus is not only re- 
tained in the mucous cells of very compli- 
cated glands of mammals, but also may 
be revived in the serous parts of glands, 
as shown by Pischinger (1924) for the 
human submandibular gland, and by the 
present author (Tucker, 1957a) for the 
glands of domestic animals. In salivary 
glands the ability of the unicellular mu- 
cous glands to produce holocrine secretion 
is equally persistent. Holocrine secretion 
in human salivary glands was described 
by Hamper! (1931) and Pischinger (1924) 
and observed in other mammals and birds 
by Tucker (unpublished). 

Serous-like cells in the salivary glands 
appear first in snakes, while the salivary 
glands of amphibians and also those of 
most of the reptiles consist of uniformly 
columnar epithelial cells with a fiat, 
basally situated nucleus and sparse cyto- 
plasmic granulation (Reichel, 1883). 

The composition of the salivary glands 
also differs greatly among vertebrates. 
True compact glands develop only in 
mammals. Even sauropsids, which, apart 
from mammals, achieved the highest de- 
velopment of the salivary glands, have 
in most of their salivary glands a loose 
aggregation of secretory cells. In contrast 
to the compound glands of mammals, 
these types of glands were described as 
the aggregatory glands (Anthony, 1919). 
In birds, the most marked tendency to 
form compound salivary glands is shown 
in the intermaxillary gland and also in the 
oral angular gland (Anthony, 1919). The 
tendency of salivary glands to form de- 
fined aggregations is still less marked in 
amphibians. 

Simultaneously with progressing ac- 
cumulations of secretory cells, changes 
appear in the ratio between the tubular 
and acinar parts. The glands of amphib- 
ians have only short excretory ducts with 
undeveloped ramifications. To each tubu- 
lus is attached a relatively small number 
ofacini. Accordingly the relative number 
of excretory ducts is great and that of the 
acini is small. Reichel (1883) considers 


that this typical arrangement of amphib- 
ian and reptilian salivary glands is well 
demonstrated in the upper labial and sub- 
lingual glands. In birds, which have most 
of the glands in loose aggregations, the 
tubulo-acinar ratio is shifted towards the 
greater development of the acini. There- 
fore this type of gland may be described 
as a transitory one. Perhaps a generalisa- 
tion can be made that a greater number of 
excretory ducts corresponds to a greater 
number of tubuli and a relatively smaller 
number of acini, and, on the other hand, 
an increased number of acini results in a 
diminished number of tubuli and excre- 
tory ducts. The number of tubuli is rela- 
tively very great in the submaxillary and 
parotid of monotremes and marsupials 
(Tucker, 19576). So the salivary glands 
of placentals are the most acinar, the 
salivary glands of marsupials and mono- 
tremes are less acinar, and those of birds 
are less acinar still. At the bottom in this 
order are the salivary glands of reptiles 
and amphibians. Furthermore, the mor- 
phological differentiation of the salivary 
glands in vertebrates is accompanied by 
the limitation of the crinogenetic poten- 
tialities to certain areas only. 

Most of the investigations on the phylo- 
genesis of the salivary glands were limited 
to the phylogeny of the parotid and the 
organ of Chievitz. Broman (1916), for 
instance, considered that the Chievitz 
organ corresponds to the primitive pa- 
rotid. Consequently he assumed that in 
mammalian phylogeny there were two 
different primordia of the parotid, one 
differentiating into the important diges- 
tive gland, another persisting as a rudi- 
mentary organ of Chievitz. The acting 
parotid is, according to Broman (1916), 
in fact a secondary parotid whose duct 
was translocated anteriorly during onto- 
genesis. He thought that the primitive 
parotid is better developed in contempo- 
rary birds than in mammals and persists 
as the oral angular gland. The only mam- 
mal in which Broman was able to demon- 
strate the existence of two parotids is a 
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seal, Lophodon carcinophaga. To prove 
Broman’s (1916) hypothesis, Strandberg 
(1918) investigated the ontogenesis of 
Chievitz’ organ in a number of mammals 
(man, horse, cow, cat, rabbit, rat, hedge- 
hog); reptiles (Tropidonotus natriz, Eu- 
taemia sirtalis, Anguis fragilis, Lacerta 
agilis, Lacerta muralis, Cnemidophorus 
sezlineatus, Gongylus ocellatus, Scelro- 
porus undulatus, Crocodilus porosus, 
Chrysemys marginatus, Chelydra serpen- 
tina); amphibians (Nocturus maculatus, 
Triton punctatus); and birds (Anas 
boscas, Passer domesticus, Podiceps cris- 
tatus, Gallus domesticus). He found that 
in many but not all reptiles, the organ 
of Chievitz is a temporary structure 
which is present, for instance, in the em- 
bryo of Trepidonotus natriz at the 10 to 
13 mm stage, Anguis fragilis embryos 
from 8.5 to 14 mm in length, Lacerta 
agilis embryos 9.5 to 11 mm in length, etc. 
In amphibians and in many reptiles 
(Crocodilia, Chelonia) his findings were 
negative, and in birds, inconclusive. 

It is by no means certain that Chievitz’ 
organ was, in its earlier phylogenetic 
stages, a parotid gland and that there 
“were two parotid glands,” or that the 
oral angular glands of birds are homolo- 
gous to the parotid of mammals. Accord- 
ingly it is difficult to outline the system- 
atics of these glands on the available 
phylogenetic data. Even less is known 
about other salivary glands in this re- 
spect. Therefore at present only the topo- 
graphic criterion can be used with any 
degree of certainty. Consequently this is 
the criterion on which the following taxo- 
nomic outline is based. Of course a gen- 
eral classification may be based on the 
physiological or morphological character- 
istics, such as single, aggregatory or com- 
pound glands; the monocrine glands hav- 
ing one type of secretion only, bicrine 
having two types of secretion, muco- 
serous glands and polycrine having many 
types of secretion, etc. However, this type 
of classification does not meet the needs 
of more detailed studies. 


—.., 


The Regional Distribution of the Salivary 
Glands 


As was pointed out in the previous sec. 
tion, a consistent taxonomy of the salivary 
glands of vertebrates can be built up, at 
present, only around topological princi- 
ples. Consequently the salivary glands 
of vertebrates have been grouped in ac- 
cordance with their distribution. The 
glandular contents of particular regions 
(lingual, sublingual, labial, buccal, pala- 
tine, orbito-zygomatic, intermandibular, 
postmandibular and oesophageal) are de 
scribed and analysed below (Table I), 
and the differences in composition be 
tween various vertebrate groups are 
stressed. 

The lingual group. Glandular aggrega- 
tions in the tongue and in the lingual 
area are known in amphibians, birds, and 
mammals, and consist of lingual glands, 
marginal lingual glands, Ebner’s glands, 
frenular glands, basal lingual glands, in- 
ferior lingual glands, superior lingual 
glands, anterior superior lingual glands 
and posterior superior lingual glands. To 
my knowledge there is no report of the 
glands of this group in reptiles. Of these 
glands, the lingual, lingual marginal and 
basal lingual glands, as well as the frenu- 
lar glands and Ebner’s glands, are fairly 
common, and the latter are situated under 
the circumvallate and the foliate papillae 
of the tongue. The frenular gland is pres- 
ent in sheep and goats, while the basal 
lingual glands are present in the root 
of the tongue of the horse and ox. Mar- 
ginal lingual glands are found in the 
horse. Most of the mammalian salivary 
glands in the lingual group are bicrine 
(frenular, marginal lingual, and _ basal 
lingual), while Ebner’s gland (serous) 
and the lingual gland (mucous) belong 
to the monocrine type. 

In birds, the superior and _ inferior 
lingual glands were reported by Anthony 
(1919) for Passer domesticus, Erithaeus 
rubecula, Chelidon urbica and Columbia 
livia. In the pigeon, the superior lingual 
gland is hidden under the hyoid bone; it 
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TABLE I—DISTRIBUTION OF SALIVARY GLANDS IN VERTEBRATES 


GLANDULAR 
AGGREGATION 


PRESENT 
IN 


GLANDULAR 
GROUP 
REPRE- 
SENTED 
REFERENCE IN 





LINGUAL 
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. Lingual 


Marginal lingual 
Inferior lingual 


Superior lingual 

Anterior superior 
lingual 

Posterior superior 
lingual 

Ebner’s 

Frenular 


Basal lingual 


Reichel, 1883 
Anthony, 1919 A 


Stetinus, 1868; 
Anthony, 1919 
Anthony, 1919 
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Trautmann and 
Fiebiger, 1952 
Burkl, 1952 





SUBLINGUAL 


. Anterior sublingual 


. Posterior sublingual 
. Sublingual major 

. Sublingual minor 

. Prelingual 

. Retrolingual 


. Sublingual 
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Reichel, 1883 


Ranvier, 1886; 
Maximow, 
1901 


Illing, 1904 





. Inferior labial 


. Superior labial 


. Picorial, (Peak) 
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Cuvier, 1831 

Tiedemann, 1813; 
Meckel, 1826; 
Duvernoy, 
1837 

Anthony, 1919 





BUCCAL 


- Dorsal buccal 
. Medial buccal 
. Ventral buccal 


. Oral angular 
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Anthony, 1919 





PALATINE 


Intermaxillary 


. Septal 

. Nasal 

. Maxillary 
. Palatine 


. Median palatine 


. Lateral palatine 
. Rostral 


. Anterior palatine 
. Posterior palatine 
. External palatine 
- Internal palatine 


A (Urodeles) 


A (Anura) 
A (Urodeles) 
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Reichel, 1883 
Reichel, 1883 
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GLANDULAR 
GROUP 


TaBLeE I—Continued 


GLANDULAR 
AGGREGATION 


PRESENT 
IN 


REFERENCE 





. Glandula venenata 
. Orbital 
. Zygomatic 


ORBITOZYGOMATIC 


Reichel, 1883 
(Urodeles) = 
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. Anterior 
dibular 
. Posterior 
dibular 
. External posterior 
intermandibular 


Inferior posterior in- 


termandibular 


. Median posterior in- 
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dibular 


. Median intermandib- 


ular 

. Internal interman- 
dibular 

. Submandibular 


interman- 


interman- 


Anthony, 1919 


“ 


GLANDULAR 
GROUP 
REPRE- 

SENTED 
IN 
A 
R 
M 
B 
A 


“ec 


“ 


“ 


2uow ww ww Ww wl ep 


> 


Wiedersheim, 
seen in Illing, 
1904 





. Angulomandibular 
. Parotid 


POSTMANDIBULAR . Interscapular 


Reichel, 1883 


Dalquest and 
Werner, 1951 





. Pterygoidal-palatine 
. Pharyngeal 

. Cricoarythenoidal 
. Oesophageal 

. Cervical 


PHARYNGO- 
OESOPHAGEAL 


. Thoracic 


Anthony, 1919 
Reichel, 1883 
Anthony, 1919 


McKenzie and 
Owen, 1919 
Tucker, 1957 





A=Amphibians 
R=Reptiles 
B=Birds 
M=Mammals 





was described by Gadow (1879; referred 
to in Anthony, 1919) as the parotid. In 
birds there are many exceptions to the 
general rule; for instance, the inferior 
lingual glands are situated on the lateral 
sides of the tongue, but not in Ortalis rufi- 
cauda and Neophoron percuopterus, 
(Anthony, 1919). In view of the rather 
limited number of reports on the lingual 
group of salivary glands in birds, and 


according to the many gaps in the survey, 
it is possible that the changes in position 
of the lingual glands in birds are even 
more common. The anterior and posterior 
superior lingual glands were also reported 
by Anthony (1919). According to her, 
at least half the length of the tongue of 
the heron is without glands. In the heron 
(Ardea cinerea), which eats snakes, frogs, 
insects and birds, besides fish, a small 
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group of lingual glands develops corre- 
sponding to the inferior lingual glands of 
other birds (Anthony, 1919). 

Reichel (1883) reported the presence of 
lingual glands in amphibians. He investi- 
gated the lingual gland in Delonectes 
boscai (Urodela). According to him, the 
lingual gland of Amphibia may be very 
extended and, in Delonectes boscai, may 
even reach the surface of the frontal bone. 
The gland has muscular fibres which are 
dispersed among the glandular tubules. 
As Delonectes boscai uses the secretion 
of the lingual glands to stick the prey to 
the tongue, the production of mucus by 
lingual glands is abundant. 

The sublingual group. The sublingual 
group of salivary glands is formed by the 
anterior and posterior sublingual glands, 
the sublingual major gland and the sub- 
lingual minor gland. Details of the com- 
parative anatomy of the minor and major 
sublingual glands in mammals were given 
by Carmalt(1913), and the anterior and 
posterior sublingual glands were reported 
in reptiles by Reichel (1883). Sublingual 
glands are, according to Trautmann and 
Fiebiger (1952), mixed glands. In amphib- 
ians the sublingual gland is present only 
in Cryptobranchus japonicus and is situ- 
ated below m. genihyoideus (Illing, 1904). 
(Sublingual glands in mammals were di- 
vided by Ranvier (1884) into prelingual 
and retrolingual glands; see below. ) 

The labial group. The labial group con- 
sists of the inferior and superior labial 
glands and the picorial gland. In mam- 
mals, the labial glands of sheep, goats and 
carnivores are the mucous glands. Reichel 
(1883) mentioned that an especially large 
number of glands exists in the chameleon, 
which possesses symmetrical labial glands, 
the superior labial glands being semi- 
circular in shape. The superior labial 
glands of snakes attracted more attention 
than other glands of the Ophidia. Tiede- 
mann (1813) described them in Vipera 
naja, Coluber natriz and Vipera berus 
as situated on the external margin of the 
maxilla. He also suggested that the su- 


perior labial gland of reptiles corresponds 
to the parotid of mammals. Meckel (1826; 
referred to in Anthony, 1919) thought, 
however, that the superior labial glands of 
reptiles correspond to the buccal glands of 
mammals. Duvernoy (1832; referred to 
in Anthony, 1919) studied the superior 
labial glands in Coluber natriz, Coluber 
austriacus, Coluber funebris and Crotalus 
naja and reached the conclusion that this 
gland is better developed in non-poisonous 
than in poisonous snakes. It seems, how- 
ever, that poisonous properties can be de- 
veloped in any of the salivary glands. In 
mammals it may be the submandibular 
gland, as in Blarina (Pearson 1942; Ellis 
and Krayer 1955); in some snakes, the 
labial gland, while in others a glandular 
aggregation situated posterior to the oph- 
thalmic cavity are described by Reichel 
(1883) as the poison gland, glandula vene- 
nata. 

The inferior labial glands of reptiles 
were found in the Boa and Coluber by 
Cuvier. The existence of this gland in 
amphibians is rather uncertain. 

The picorial gland of birds is situated 
on the beak. 

The buccal group. To the buccal group 
belong the dorsal, medial and ventral buc- 
cal glands of mammals and also the oral 
angular glands of birds. The oral angular 
gland is often rudimentary, and the sup- 
position that it corresponds to the mam- 
malian parotid was discussed above. An- 
thony (1919) considers it a transitional 
gland between the single and compound 
salivary glands which is built up from 
loose aggregations of cells. She also re- 
ported that it is well represented in Frin- 
gilla spp., Coelebes spp., Certhia familiaris, 
Chelidon urbica and Hirundo rustica. 

Glands of the buccal group were not 
reported in reptiles and amphibians. 

The palatine group. In the palatine 
group can be placed the intermaxillary, 
septal and nasal glands, further maxillary 
and palatine glands, median and lateral 
palatine glands, the rostral gland, and the 
posterior, anterior, external and internal 
palatine glands. 
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Intermaxillary, septal, nasal, rostral 
and palatine glands are present in am- 
phibians; maxillary glands, median pala- 
tine glands, lateral palatine glands and 
rostral glands are found in reptiles; pala- 
tine glands, median, lateral, anterior, pos- 
terior, internal and external glands are 
present in birds; and palatine glands are 
present in mammals. 

In amphibians the intermaxillary gland 
is situated in the internasal space a little 
outside the oral cavity, while the rostral 
gland, first described in the salamander 
(Salamandra unguiculata) by Schlegel 
(after Reichel, 1883), is placed below the 
skin of the rostrum. The intermaxillary 
gland in amphibians is oval and may be 
located between the maxillae and the 
frontal processes of the premaxillary bone 
in the urodeles, Salamandrina perspicil- 
lata, Triton sp. and Salamandera sp. 
(Reichel 1883), and consists of a number 
of simple tubular glands that open into a 
common sinus. The epithelium of this 
gland is columnar, cytoplasmic granula- 
tion is scarce, and its nucleus has many 
nucleoli. Reichel (1883) was the first 
to acknowledge that the intermaxillary 
gland is, in fact, one of the palatine glands. 
He also describes this gland in the uro- 
deles, Plethodon glutinosus and Salaman- 
dra atra. In the latter the gland has no 
bony roof over it. 

In the chameleon two symmetrical lat- 
eral maxillary glands and a non-sym- 
metrical median palatine gland were 
found, while Iguanidae have no median 
palatine gland (Reichel, 1883). 

The lack of the intermaxillary cavity in 
anurans causes the characteristic differ- 
ence in the topography of the intermaxil- 
lary gland. In urodeles it is placed within 
the cavity, in anurans it is the septal 
gland. Bombinator igneus (Anura) has 
glandular crypts in the palatine mucosa 
(Reichel, 1883). According to Anthony 
(1919) birds have a maxillary gland placed 
in the neighbourhood of choanae close to 
the posterior palatine gland, which may 
develop into the palatine papilla. 

The orbito-zygomatic group. To this 
group belong the poison (glandula ven- 


enata), orbital, and zygomatic glands. 
The zygomatic gland is characteristic of 
certain mammals, such as the guinea pig. 

In the snakes, the gl. venenata may 
have some connections with the labial 
gland. Reichel (1883) reported two lateral 
glandular aggregations stretched towards 
the orbita in Plethodon glutinosus (Uro- 
dela). Generally in urodeles they consist 
of three or four straight glandular tubules, 
Their blind end is directed anteriorly. 

The intermandibular group. The inter- 
mandibular group consists of the anterior 
intermandibular, posterior intermandibu- 
lar, and also the external-posterior, and in- 
ferior posterior intermandibular gland. 
Further, we can enumerate the median 
posterior intermandibular gland, the me 
dian intermandibular gland, the internal 
intermandibular gland and the submaxil- 
lary gland. All the glands in this group, 
except the submandibular gland, are pres- 
ent in birds (Anthony, 1919). Wieder- 
sheim (according to Illing, 1904) found 
the submandibular gland in Geotriton, 
which is rather an exceptional case among 
amphibians. 

The post-mandibular group. The post- 
mandibular group consists of the angulo- 
mandibular gland of birds and amphibians 
as well as the parotid of mammals. The 
angulo-mandibular gland is described by 
Reichel (1883 in Spelerpes fuscus, Gym- 
nophilus sp., and Plethodon glutinosus. 
The interscapular gland described by Dal- 
quest and Werner (1951) in the tropical 
fruit bat was considered by Wimsatt 
(1955) to be an interscapular lobe of the 
parotid. 

The pharyngo-oesophageal group. The 
pharyngo-oesophageal group consists of 
the pterygoidal-palatine, and the cricoary- 
thenoidal, pharyngeal, and oesophageal 
gland. Pharyngeal glands occur in am- 
phibians (Reichel, 1883), while all the 
others occur in birds (Anthony, 1919). 

The pharyngeal glands originated from 
symmetrical primordia (Reichel, 1883) 
and are situated just posterior to the pos- 
terior choanae. Glands of this group may 
migrate as far as the thorax. In the Ech- 
idna a thoracic gland is present. 
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Previous Attempts at Classification 


Illing (1904), who investigated the sub- 
maxillary gland in domestic animals, tried 
to correlate the mammalian distribution of 
the salivary gland with the distribution of 
the glandular areas in other vertebrates. 
However, he was not consistent in choos- 
ing premises for the classification of 
glands, and describes them partly accord- 
ing to the composition of the gland and 
partly according to their topography; for 
instance, one of his groups is the sub- 
lingual gland, while another consists of 
the glands of arcus palatoglossus and plica 
pterygomandibularis. According to him, 
there are three glandular components: the 
lingual glands, the intermaxillary or in- 
ternasal glands, and the pharyngeal gland. 

He also reviewed the nineteenth-cen- 
tury literature and gave an account of the 
systematic concept of those times. Gaup 
suggested that the glands should be in- 
vestigated with regard to their nervous 
supply. This idea was partially realised in 
the investigation of the nervous supply of 
different epithelia in the compound mam- 
malian glands. 

Rudolphi divided the salivary glands of 
snakes into: (1) the sublingual gland, 
(2) the labial and marginal mandibular 
glands, and (3) the parotid or poisonous 
gland. The glands on both sides of the 
tongue were compared by Rudolphi to the 
submaxillary glands of mammals. Owen, 
like Rudolphi, thought that the poison 
glands were homologous to the parotid. 
Leydig thought that the anterior sublin- 
gual gland of snakes corresponded to Ba- 
tholini’s gland (the sublingual major) of 
mammals, and the posterior sublingual 
gland of snakes to Rivini’s gland (the sub- 
lingual minor) of mammals. 

Among early investigators of the sali- 
vary glands of birds were Stannius and 
Kahlmann (according to Illing, 1904). The 
former described the lingual folliculi, the 
submaxillary glands, the sublingual gland, 
the parotid follicles between the tongue 
and the larynx, and finally the glandular 
aggregates around the posterior nasal 
openings. The latter (Kahlman) thought 


that, in birds, the angulo-mandibular 
gland corresponded to the sublingual 
gland of mammals, the angular gland to 
the parotid, the gland between the man- 
dible and the tongue to the submaxillary 
gland, and the glands of the lateral margin 
of the tongue to the marginal lingual 
glands in mammals, etc. Most of these 
works, today, have merely a historical im- 
portance. Ranvier (according to Illing, 
1904) and Illing(1904) tried to construct 
a systematic arrangement of salivary 
glands on the basis of the relationship of 
the glands to other structures and to the 
lingual nerve (Ranvier) of the myohyoid 
muscle, and on the basis of the number of 
glands in the _ sublingual-submaxillary 
areas (Illing). 

According to Ranvier’s criterion, the 
prelingual glands are the glands of the 
sublingual area situated anterior to the 
lingual nerve and retrolingual to those 
situated posteriorly. The retrolingual 
glands for instance, are present in rats, 
mice, hamsters, squirrels, guinea pigs, 
hedgehogs, moles, martens, bats, dogs, 
cats, and pigs, and are absent in rabbits, 
hares, horses, donkeys, sheep and man 
(Zumstein, 1891; Illing, 1904). Illing 
(1904) divided animals according to the 
number of glands in the sublingual and 
submaxillary areas. Therefore he de- 
scribed mammals with three glands, such 
as dogs, cats, cattle, sheep, goats, pigs, and 
those having only two glands in this area, 
such as horses. 


Ecological and Enological Relations of the 
Salivary Glands. 


In an animal’s organization the salivary 
glands are involved in two cycles: one 
of an enological (internal) character 
(Tucker 1953-54), another of an ecological 
(external) character. The second is better 
known than the first, and it is fairly 
certain that the condition and environ- 
ment of an animal may greatly influence 
the size and number of the glands. For 
example they are smallest in aquatic ani- 
mals on the one hand, and carnivores on 
the other, independent of the systematic 
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position of the animal in question; thus, 
Carnivorous Cetacea have no salivary 
glands at all (Ellenberger, referred to IIl- 
ing 1904), while herbivorous Cetacea have 
only rudimentary salivary glands. The 
salivary glands of these mammals are less 
pronounced than, for instance, those of 
reptiles. Moreover, seals have very small 
salivary glands. As aquatic carnivores 
have descended from terrestrial carni- 
vores, the regression of the salivary glands 
in those animals is a secondary process. 
The progressively diminishing amount of 
the glandular parenchyme may reduce the 
gland to one or a few small aggregations. 
Perhaps Broman’s(1916) report men- 
tioned above, about two parotid glands in 
the seal, should be interpreted in this 
light. Broman did not consider the phy- 
logeny of the aquatic carnivores and inter- 
preted his findings as a primary condition 
once present in all mammals. However, 
mammals are basically terrestrial animals, 
and basic mammalian ecological relations 
are also terrestrial. Finally Broman’s find- 
ings have not, up to now, been corrobo- 
rated by the findings of the primordia of 
two parotid glands in any other mammals. 

Similar ecological relations are also ob- 
served in birds, the salivary glands in 
aquatic birds being completely absent, and 
in semi-aquatic birds undeveloped. Her- 
bivorous mammals and birds have larger 
salivary glands than carnivorous mam- 
mals. It seems that the development of 
the salivary glands in carnivorous snakes, 
apart from the poison gland, is connected 
with the method of food intake, which in- 
cludes slow movements of the whole car- 
cass and quite considerable forces of fric- 
tion in the anterior part of the digestive 
tract. 

Another peculiarity of the vertebrate 
salivary glands is that the glands develop 
unequally in different animals. This phe- 
nomenon was stressed in the systematic 
description by pointing out that only some 
components of a glandular group may be 
developed in mammals, reptiles, or birds. 
However, this is further complicated by 
the unequal development of the same 


gland in mammals and birds. Edentata, 
for instance, have very small parotids and 
quite enormous submaxillaries, which in 
Mymecophaga tamadua can extend from 
the mandibular angle down to the 
sternum (Illing, 1904). The same author 
reported that no parotid is present in ma- 
ture seals, and in Lutra this gland is ex- 
tremely small. It seems that the parotid 
is a gland characteristic of herbivores, for 
all such forms have this gland very well 
developed. Illing(1904) claimed that the 
parotid of the beaver is twenty times 


larger than the submaxillary gland. Wim. 


satt(1955) reported that parts of the pa- 
rotid in the fruit bat can be found between 
the scapulae. In carnivorous mammals 
the development of the parotid and the 
submaxillary gland is fairly well balanced, 


both being about the same size. Accord- | 


ing to Illing(1904) the largest parotid 
(relatively and absolutely) among do- 
mestic animals is in _ perissodactyls 
(weight about 225 gr). Man has a me 
dium-sized parotid, about 20-30 gr. Com- 
parative measurements of the submaxil- 
lary gland of domestic animals show that 
it is very large in cattle. In these animals 
it is larger than the submaxillary gland of 
the horse, and also larger than the pa- 
rotid. The submaxillary of horses is only 
about a quarter of the size of the parotid. 
The size of the submaxillary gland in rela- 
tion to the parotid is small in pigs and 
large in carnivores. It is very small in 
goats. The submaxillary gland of man is 
about 10-15 gr, and is about half the size 
of the parotid. 


The sublingual gland also develops dif- J 


ferently in various animals. Illing(1904) 
found that in cattle, it is twice as large as 
in the horse, while in sheep, goats and pigs 
it is small. According to the same author, 
it is three or four times as large in dogs as 
in sheep and goats. 


Summary 


Data about the occurrence and distribu- 
tion of the salivary glands in vertebrates 
were analysed, and their classification on 
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a topological basis attempted. The lin- 
gual, sublingual, labial, buccal, palatine, 
orbito-zygomatic, intermandibular, post- 
mandibular, and pharyngo-oesophageal 
groups of salivary glands were distin- 
guished and their differentiation dis- 
cussed. Analysis of the composition of 
oral glandular aggregations in vertebrates 
reveals that the greatest number of 
glandular aggregations from each glandu- 
lar area occurs among birds, whereas in 
mammals each glandular area gives rise 
to only a few glandular aggregations, but 
these become histologically and function- 
ally compound structures. An exception 
to this rule is the pharyngo-oesophageal 
area in placental mammals. 
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Abnormal Variation in the 
Notostraca 


UCH recent work on the systematics 

of the Notostraca (Crustacea, Phyllo- 
poda) has included comment on the great 
range of the variation in each systematic 
character in comparison with other ani- 
mal groups, and the consequently unsatis- 
factory nature of a classification which 
must be based upon such characters; 
Linder (1952) has reviewed a number of 
these comments and has analysed the ex- 
tent of the variation in many of the im- 
portant characters. Data derived from the 
culture of a pure line of hermaphrodite 
Triops cancriformis has been presented by 
Longhurst (1955a) and it was thereby 
demonstrated that much of the recorded 
variation can be of little significance sys- 
tematically or, probably, adaptively. 

In a percentage of specimens variations 
occur which fall far outside the statistical 
normal distribution of the character for 
the remainder of the sample. For in- 
stance, in a sample of 12 specimens of 
Triops cancriformis simpler from Kebili 
in Tunisia (MNHNP)? there is one indi- 
vidual in which the sulcus spines are com- 
pletely absent; in the remainder, though 
these spines are rather small, they are 
quite normal in number for the subspe- 
cies, having a mean of 33.8+3.9. In the 
same category are the cases of abnormal 
body segmentation recorded by Barnard 
(1929) and Linder (op. cit.) where the 
normal sequence of exoskeletal annuli is 
disturbed by the formation of incomplete 
rings or by spiral growth. These abnor- 


1The following abbreviations have been 
used in the text. BMNH—British Museum 
(Natural History), London. MNHNP—Musée 
Nationale d’Histoire Naturelle, Paris. WAM— 
Western Australian Museum, Perth. MCNM— 
Museo Ciensas Naturalis, Madrid. 
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malities have been described from several 
species of both Triops and Lepidurus and 
appear to occur sporadically among nor- 
mal specimens; this was confirmed in the 
present work. 

During a recent examination of Triops 
material from several localities near Khar- 
toum which had been collected by Dr. J. 
Rzé6ska—to whom I am much in debt for 
the specimens and for pointing out to me 
some of their peculiarities—it became ob- 
vious that such abnormalities may occur 
even in exoskeletal characters which are 
of primary importance in the classification 
of the group and may thus render the gen- 
eral systematic key presented in the re- 
cent review of the Notostraca misleading. 
In view of this, a survey of the abnormali- 
ties recorded in the literature and in the 
material examined for the review seems 
desirable; the characters in which abnor- 
malities have been recognised are all exo- 


skeletal and are concerned either with_ 


variation in the armature, the body rings, 
or with the absence of appendages in 
whole or in part. 

In four of the 75 samples of T’riops can- 
criformis which were examined in these 
investigations there was a reduction, or 
absence of part of, the armature of spines 
on the carapace; one of these samples is 
from the Saéne (MNHNP), and the re 
maining three from North Africa. In the 
French sample the sulcus spines are nor- 
mal in number (mean, 29.2+2.35) in all 
except one specimen which has only three 
spines on the right side, two on the left— 
that is, approximately 10 standard devia- 
tions from the mean. The most extreme 
of the North African specimens, that from 
Kebili, is described above; in another 
sample from Ghardaya, Algeria, the termi- 
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nal carina spine is absent in three of the 
four specimens, and in the fourth is very 
reduced; another sample, from El Abiod 
Sidicheik, Algeria, has the telson arma- 
ture extremely reduced, so that the me- 
dian spine is about one quarter of its 
normal length. The relationship between 
these abnormal Tunisian and Algerian 
specimens and the general tendency to- 
wards a weak armature shown by the 
subspecies (Triops cancriformis simpler) 
that occurs in this area requires investi- 
gation. 

The converse, where there is duplica- 
tion or multiplication of the normal arma- 
ture, is most clearly exemplified by those 
specimens that were regarded in the re- 
view as the trachyaspis-form of several 
species. In these specimens (as in the 
original Apus trachyaspis Sars, 1899) the 
normally smooth surface of the carapace 
is shagreened by very minute denticles; 
Barnard (1924) found that such speci- 
mens occurred sporadically in his South 
African material, and in the present ma- 
terial they have been recognised in sam- 
ples of both Triops granarius and T. longi- 
caudatus. There are two samples of the 
latter species which are composed entirely 
of individuals of this type—one from Mon- 
tana, the other from Arizona; two samples 
of Triops granarius, one from S.W. Africa, 
the other from Algeria, contain only a pro- 
portion of spiny individuals, while two 
from Grahamstown and from Kosti (Su- 
dan) contain only the trachyaspis-form 

A specimen of T’riops cancriformis from 
Christchurch, England, (BMNH, Mus. 
Leach), has a duplication of one of the 
primary carapace spines, the terminal 
spine of the carina being double; a sample 
of three specimens of the same species 
from Paris have three, instead of the nor- 
mal two, posterior marginal telson spines. 

Linder (1952) and Gauthier (1934) have 
recorded specimens of T’riops cancriformis 
from North Africa in which there is a 
rudimentary supra-anal plate resembling 
avery reduced form of that characteristic 
of Lepidurus. In the present material, 








two specimens from Laguna da Janda, 
Southern Spain (MCNM), of the same spe- 
cies, show the rudimentary plate. This 
has been recorded only from the small 
area of the Western Mediterranean and 
Moroccan littoral in which the subspecies 
T. cancriformis mauretanicus occurs; in 
other characters this subspecies is less 
Lepidurus-like than the nominate race 
from the rest of Europe. 

The second maxilla of Triops has been 
found to be of basic systematic importance 
and it was thought that it occurred in all 
specimens seen from Africa and Eurasia 
(7. cancriformis and T. granarius) but 
was apparently absent in all specimens 
from the Americas, Oceania, Australia, 
and Madagascar (7. longicaudatus and T. 
australiensis). However, the examination 
of Rzéska’s material showed that in some 
specimens, otherwise referable to 7. gran- 
arius, there was reduction or even absence 
of this appendage. A re-examination of all 
the available material showed that the 
above generalisation was valid (Fig. 1) 
but that in ten Old World samples there 
were some specimens in which a reduc- 
tion occurred amongst other normal 
individuals. 

The reduction of the appendage is ir- 
regular and often asymmetrical; although 
it was not possible to dissect the speci- 
mens it was clear that all stages of reduc- 
tion were present, from the normal ap- 
pendage, through loss of the terminal 
setae, to a simple lobe of decreasing size 
until a stage is reached where it is virtu- 
ally impossible to decide whether a small 
lobe is, or is not, present. For the pur- 
poses of analysis three arbitrary stages of 
this reduction are recognised—the normal 
appendage, a lobe without setae, and com- 
plete absence. 

In only one sample of Triops cancri- 
formis was a reduction found; three speci- 
mens from Vienna (BMNH) include one 
in which the right second maxilla was re- 
duced to a small lobe. In the normal 
specimens of this species the appendage is 
larger than in the remainder of the genus 
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* MX2 present 


° MX, absent 
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Fic. 1. The distribution of the material of Triops available for re-examination of the 
nature of the second maxilla, showing type of appendage present in each sample. The stippled 
areas are the remainder of the range of the genus from which no specimens were available, 


and most nearly approaches the state in 
Lepidurus. 

The remaining reduced samples are of 
Triops granarius from Africa and from 
Eastern Asia; the greatest reduction oc- 
curs in three samples from Khartoum and 
in one from Chinwangtao, China. The 
Khartoum sample collected by Rzéska in- 
cluded both 7. cancriformis and T’.. gran- 
arius from the same pools, but reduction 
was found only in the latter species. 

Rzéska’s 7’. granarius consist of 37 speci- 
mens from a number of pools and of these 
only three have no reduction of the ap- 
pendage on either side, while in ten there 
was complete absence on both sides; in the 
remaining 24 specimens the various 
stages of reduction were found. Two 
earlier samples from Khartoum (BMNH, 
coll. Grabham 1907) show a very similar 
state of reduction; in two specimens the 
appendage was completely absent while 
various stages of reduction occurred in 
the remaining four. 

A sample from Berbera, British Somali- 
land, (BMNH) consists of seven normal 
specimens and two in which there is re- 
duction; another from Eburru, Kenya 


(BMNH) contains one normal specimen, 
two reduced; samples from Kimberley and 
Grahamstown (BMNH) each have a few 
reduced specimens. 

These African samples with reduced 
second maxillae occur as relatively iso 
lated occurrences among a preponderance 
of entirely normal samples from the same 
general areas. There are seven samples 
from South Africa in the present material 
in which the appendage is entirely nor- 
mal, of which one is from the vicinity of 
Grahamstown; another 14 samples from 
Northern Africa with normal appendages 
include some from places as close to the 
Sudan as the Siwa oasis and Somalia. 

In two samples from China (BMNH) a 
proportion of the individuals have re 
duced second maxillae, but in no speti- 
mens do they appear to be completely 
absent on both sides; about 20 per cent of 
the very large Chufoo sample consists of 
normal individuals. Between the Sudan 
and China there are many samples from 
Arabia, the Middle East and India of 
Triops granarius all of which are com- 
pletely normal in this respect. 

The various stages in reduction and 
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their asymmetry in the specimens are 
laid out in Table 1; there appears to be 
no evidence of greater reduction on the 
right or the left sides, nor of any signifi- 
cant difference between the sexes. 

From a taxonomic point of view it is 
important to note that in the samples of 
Triops cancriformis and T. granarius in 
which the second maxilla is reduced there 
is always a proportion of specimens, even 
if a minority, in which normal or reduced 
second maxillae are present on at least 
one side of the individual; in the majority 
there are a few specimens in which the 
appendage is completely normal. This 
contrasts very strongly with the samples 
of T. longicaudatus and T. australiensis 
innone of which have any specimens been 
found with even reduced second maxillae; 
in these species the appendage is appar- 
ently absent even in the young indi- 
viduals. 

The Australian samples in the present 
material include specimens which show 


very remarkable abnormalities of the post- 


maxillary appendages; three of the eleven 
samples examined from this continent in- 
clude specimens in which appendages or 
parts of appendages are unilaterally ab- 
sent. Damage to the exoskeleton of Noto- 
straca results in a thickening and dark- 


ening at the site of the damage at subse- 
quent moults and there can be little doubt 
that there is here no confusion between 
loss by damage and the inherent absence 
of appendages or endites. 

A sample from Western Australia 
(BMNH) contains three specimens of 
which two are apparently quite normal, 
while the third lacks the terminal endites 
on the fourth and fifth thoracic append- 
ages. Another sample from Wiluna 
(WAM) consists of a single male and fe- 
male; the latter is normal but the former 
lacks endites 5 and 6 from the thoracic 
appendages 1 to 3 on the right side, while 
the left abdominal appendages lack their 
distal epipodites. 

Two females from a pool on Ayers’ 
Rock, Central Australia (WAM) each lack 
the brood pouch formed by the right 
eleventh thoracic appendage which is rep- 
resented merely by a slight prominence 
below which the efferent oviduct opens; 
that on the left side in both specimens is 
quite normal. Both left and right ovaries 
are present but on the abnormal right 
side the longitudinal oviduct contains eggs 
which are pale and shrivelled compared 
with those on the normal left side. 

It is perhaps relevant here to consider 
the extraordinary sample of three speci- 


TABLE I—REDUCTION OF THE SECOND MAXILLA IN NINE SAMPLES OF 7'RIOPS 
GRANARIUS From AFRICA AND EASTERN ASIA. 


. Khartoum (Rzéska) 

. Khartoum (BM 1912.11.11) 
. Khartoum (1913.9.10) 

. Berbera (1956.8.17) 

. Eburru (1949.2.24) 

. Kimberley (1932.2.25) 

. Grahamstown (1932.2.25) 

. Chufoo (1935.6.18) 

. Chinwangtao (1910.12.7) 
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mens in the BMNH described as Lepi- 
durus batesoni (Longhurst, 1955a); there 
is, apparently, more than normal variation 
in some characters—for instance, one 
specimen has a supra-anal plate which is 
less than half the length, relatively, of 
those on the other specimens and, in ad- 
dition, has no marginal armature. The 
main characteristics of the species are 
(1) a relatively high number of apodous 
segments, (2) a complete lack of the spe- 
cialisation of the distal endites of the first 
thoracic appendage which is found in all 
other known Notostraca, and (3) the com- 
plete lack of a dorsal keel, or carina, on 
the carapace. In view of the occurrence 
of structural abnormalities in other spe- 
cies of Notostraca it seems desirable to 
consider the possibility that these char- 
acters of Lepidurus batesoni may indicate 
that this is a highly aberrant and long- 
bodied sample of, perhaps, L. lynchi; even 
if further specimens with these characters 
are collected in the Kazak steppe of south- 
ern Russia from which the original sam- 
ple is thought to have come, how is it 
possible to distinguish between a localised 
occurrence of aberrated characters and a 
localised subspecies with abnormal char- 
acters? 

The decision appears to rest on the 
rather arbitrary recognition by the sys- 
tematist of what is to be considered nor- 
mal variation and what an aberration. It 
is a compromise to regard this sample as 
a new species of Lepidurus; on the one 
hand it might be held that the important 
characters were, in fact, simply aberra- 
tions, while on the other hand the posses- 
sion of a first thoracic appendage which 
closely resembles the second—on both 
sides, in all three specimens—might well 
be considered to be a character of at least 
generic importance. 

From this survey of Notostracan abnor- 
malities a pattern emerges. In some cases 
the abnormality occurs in isolated speci- 
mens from otherwise normal samples, or 
in a low percentage of populations spread 
over a wide geographic region; in other 


cases the abnormality occurs prevalently 
in a relatively restricted geographical 
area, and in a relatively high proportion 
of samples. 

In the. material under review, some 
12 percent of the samples of Triops in. 
clude specimens showing one or more of 
these major aberrations, while many more 
contain specimens that appear to fall well 
outside the statistical normal distribution 
in respect of one character or another, 
that is, surely, a considerably higher per. 
centage of abnormal specimens than 
would be found in a comparable survey of 
most animal groups, and it is clear that 
few of the aberrations are likely to have 
any adaptive significance—the occurrence 
of female Triops in Australia whose egg 
production can be little more than 50 per. 
cent of the normal is extremely interest. 
ing. Is there any connection between the 
survival in Notostracan populations of s 
high a percentage of abnormalities and 
the two facts (Longhurst, 1955b) of their 
exceedingly long evolutionary stagnation, 
and the current lack of any important 
ecological competition? 
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S the systematists, especially paleon- 

tologists, are deliberating on the 
merits and demerits of recognizing para- 
taxa, a Russian paleontologist, Korobkov, 
makes a proposal that we should recognize 
still another morphologic unit, an adap- 
tive form (Forma accommodata) which is 




































































— to be reckoned with in the evaluation of 
00 per. existing genera and subgenera of mol- 
terest: tusks, This new morphologic entity, forma 
zen the accommodata (adaptive form), as pro- 
_— posed by Korobkov is to include a series 








of species which were heretofore regarded 
as belonging to distinct genera. Korob- 
kov’s proposal is the result of a critical 
systematic study of certain groups of pec- 
tens. As his paper was published in the 
Russian language with only a few lines of 
English summary, it is felt that a slightly 
abridged translation of Korobkov’s entire 
article may be of interest to other sys- 
tematists who cannot read the language. 

Korobkov points out that every large 
work on pectens includes an introduction 
of new genera, subgenera, or sections. The 
systematics of this family has become so 
complicated that it is commonly much 
easier to identify a specimen as to the spe- 
cies than to assign it to the proper genus. 
Much of the confusion in this study is 
ascribed by Korobkov to the subjective 
nature of reasoning by some authors. Ac- 
cording to Korobkov, there appear to be 
three main bases for distinguishing the 
different taxa of Pectinidae—phylogenetic, 
purely morphologic, and morphologic- 
functional or adaptive. Systematists who 
work on the phylogenetic basis view the 
diferent species of pectens as originating 
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Korobkov’s Proposal of a 
New Morphologic Entity, 
forma accommodata, in Mollusca 
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from a common ancestor. This approach 
implies that the group is viewed as a 
monophyletic series. 

The strictly morphologic criteria, in 
contrast to phylogenetic characters, con- 
sist of a series of common characters with- 
out any regard for the origin of species, 
their geographic distribution, or the eco- 
logic significance of the observed char- 
acters. Finally, the morphologic-func- 
tional or adaptive concept treats the 
genera as groups of species which adapted 
themselves to a similar mode of life, the 
result of which was the development of 
certain common morphologic characters. 
Some investigators, accepting the morpho- 
logic-functional plan of classification, 
ascribe especially great significance to the 
geologic distribution of species and place 
in each genus only the species of the same 
age, inhabiting the same _ geographic 
province. 

The differences in the concepts of the 
genus produce taxa of widely variable 
scope. The disregard of the principle of 
monophyletic series generally results in 
the creation of a number of artificial 
genera. For example, all species of pec- 
tens which have adapted themselves to 
the sessile or resting mode of life and at 
the same time have changed the form of 
their shell and sculpture, have been united 
in a single genus Hinnites Defrance. This 
genus occurs from the Jurassic to Recent. 
Later, a separate genus, Prohinnites Gil- 
let, was proposed to include all the Meso- 
zoic species. A number of investigators 
have shown that the recent species Hin- 
nites distortus DaCosta is closely con- 
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nected with Chlamys multistriata Poli. 
The shell of the latter species, during a 
certain stage of development, loses its 
byssal attachment and cements itself to 
the substrate and from that time on, while 
leading a sessile mode of life, becomes in 
all its characters indistinguishable from 
typical Hinnites. Consequently Hinnites 
distortus DaCosta represents only a mode 
of adaptation of Chlamys multistriata Poli. 
There is little doubt that the well-known 
have shown that the Recent species Hin- 
nites ercolanianus Cocconi, Hinnites brus- 
soni de Serres appear to be derivatives of 
different species which are included in the 
group of Chlamys varia (Linné). It should 
be here added that the anatomical struc- 
ture of Recent pectens is identical with 
that of Chlamys Bolten. 

Many investigators regard the genus 
Hinnites as an artificial one. Perhaps a 
similar conclusion is justified with regard 
to Prohinnites. Ideally, a genus should be 
based on summation of morphologic char- 
acters, on phylogeny as well as on adap- 
tive characters. A genus should include a 
group of closely related species descended 
from a common ancestor and possessing 
common morphologic characters. During 
the early stages of formation of a genus, 
it may have only one species. 

Adaptive modification of pectens fol- 
lows a limited number of directions, giv- 
ing rise to a certain parallelism in the de- 
velopment of unrelated species. Thus, the 
subgenus Lissochlamys Sacco, 1897, based 
on Chlamys excisa (Bronn) is character- 
ized by somewhat flattened valves of dif- 
ferent convexity, a strongly developed ear 
in the right valve, and by reduction of 
sculpture. Young individuals of Chlamys 
excisa (Bronn) have numerous, barely 
perceptible, thin ribs over the entire sur- 
face of the shell. Roger (1939), who 
studied this species in detail, assigned it 
to the group of Chlamys fleruosa (Poli) 
of the series of Chlamys glabra (Linné). 
Some individuals of Chlamys excisa retain 
more or less distinct ribbing. In the same 
series of Chlamys glabra, the species 


Chlamys hyalina (Poli) (Pliocene to Re 
cent) has thin semi-transparent valves 
and in extreme variations a smooth shel] 
This species is referred by various investi. 
gators to different genera and subgenera, 
including Lissochlamys. On the basis of 
this species, Verrill (1897) established a 
new subgenus Lissopecten. Roger (1939, 
p. 86) gave a detailed description of this 
species, showing that there are in it transi. 
tions from smooth shells to distinctly 
ribbed forms. Korobkov had compared the 
shells of Chlamys hyalina with many indi- 
viduals of Chlamys glabra and arrived at 
the conclusion that the extreme variants 
of Chlamys hyalina of the type of Chlamys 
hyalina (Poli) var. flagellata (Lamarck) 
are very similar in their sculpture, with 
the extreme variations of Chlamys glabra, 
such as Chlamys glabra var. anisopleura 
(Locard). Thus, it appears that Chlamys 
excisa (Bronn) and Chlamys hyalina 


(Poli) though originating from the same | 
stem of the genus Chlamys, belong to dif- | 


ferent branches of development and are 
about at the same stage of adaptation to 
a similar habitat. 

In the Paleogene deposits of Europe, a 
well-known species Chlamys solea (De 
shayes) in which the sculpture is present 
only in the ears, and in some individuals 
along the edges of the valves, closely re- 


sembles Chlamys excisa (Bronn) and has | 


been assigned by a number of workers to 
the genus Lissochlamys. Korobkov claims 
that Chlamys solea (Deshayes) and 
Chlamys excisa (Bronn) belong to two en- 
tirely different branches of development 
of the genus Chlamys. 

Chlamys membranaceus (Nilsson) from 
the Senonian deposits of Europe, in its 
external morphology of shell also resem- 
bles the two species mentioned above, but 
it is not genetically related to either one 
of them. According to Korobkov, many 
similar examples can be cited. The reduc 
tion of sculpture in Chlamys took place 
at different times in different areas in dif- 
ferent branches of the genus. The rapidity 








of this process is illustrated by the er 
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demic species from the Tortonian deposits 
of L’vov Oblast’—Chlamys diaphana (Du- 
bois) which on the basis of its external 
morphology could be referred to the sub- 
genus Lissopecten. The very thin and al- 
most smooth, semi-transparent shell of 
this species is connected by numerous 
transitions with a distinctly ribbed shell 
of Chlamys flava (Dubois). A study of in- 
jured and subsequently healed shells of 
this species (Korobkov, 1950, p. 1280), 
leads to the conclusion that a direct ge- 
netic line is represented by the series 
Chlamys malvinae (Dubois)—Chlamys 
flava (Dubois)—Chlamys diaphana (Du- 
bois). This example shows that the proc- 
ess of reduction of ribs and of weakening 
of the strength of the shell can occur at a 
rapid rate. From the above it follows that 
the names Lissochlamys and Lissopecten 
cannot be accepted as valid generic or 
subgeneric names (taxa?). 

The process of reduction of sculpture in 
different branches of Chlamys may result 
in a complete loss of ornamentation in all 
parts of the shell, producing smooth 
valves such as are characteristic of the 
species, which are grouped in either the 
genera or subgenera Pseudamussium 
Moerch, 1853, Protamussium Verrill, 1897, 
Lentipecten Marwick, 1928, Arctinula 
Thiele, 1934, Similipecten Wincklworth, 
1932, and others. 

The study of many branches of develop- 
ment in the genus Chlamys points to the 
existence of two main directions in the 
process of reduction of sculpture due to 
adaptation. The first direction, where the 
sculpture is reduced with or without the 
change of size and massiveness of the 
valves, appears to be the result of adapta- 
tion to quiet, shallow, warm water. Shells 
with a partially retained sculpture have 
the appearance similar to that of Chlamys 
ezcisa (Bronn) and Chlamys solea. Shells 
in which the sculpture is completely lost 
resemble those of Chlamys cornea (Sow- 
erby). They have slightly flattened valves 
and the difference between the anterior 
and posterior ears is not very sharp. The 
second direction of the reduction of sculp- 


ture, accompanied with marked changes 
in the size, massiveness, and the equality 
of valves is caused by adaptation to a 
water which is quiet, deep, and cool. Ex- 
amples of this direction are Chlamys hya- 
lina (Poli), Chlamys similis (Laskey), 
Chlamys greenlandicus (Sowerby). Each 
of these species is a type of distinct sub- 
genus and in the concept of other workers, 
a distinct genus. 

It is concluded that the family Pec- 
tinidae and particularly the subfamily 
Chlamysinae, contains a series of polyphy- 
letic genera which, although possessing 
common adaptive characters, are geneti- 
cally unrelated. Some of these generic 
names are deeply rooted in usage, for ex- 
ample Hinnites, Lissochlamys, Lissopec- 
ten, and Pseudamussium. They should be 
retained not as generic or subgeneric 
names, but as indications of directions of 
specialization—as names of adaptive 
forms. An adaptive form (Forma accom- 
modata), according to Korobkov, is an ar- 
tificial group of species within a genus 
which has no systematic significance. It 
unites the species having common adap- 
tive characters, regardless of their geo- 
logic or genetic relationships. An adaptive 
form as proposed by Korobkov is distin- 
guished from a genomorph of Lang and 
Smith by the fact that it unites homoeo- 
morphic individuals belonging to one 
genus and not convergent forms.* 


1 Translator’s note: It will be remembered 
that the term genomorph was proposed by 
Lang and Smith in 1930 for forms which, 
though differing from other genera “in what 
might reasonably be supposed to be generic 
characters, yet do not constitute true genera, 
but are expressions of a trend which some ex- 
ternal or internal stimulus has provoked to 
rapid development in a colony, or in certain 
individuals of a colony, so that the individual 
anticipates an evolution which is familiar in 
other stocks, both nearly and distantly related, 
and is there seen to be a phyletic, and not an 
individual, trend—a trend which results in 
new generic forms. We propose to call these 
forms which anticipate, but do not constitute, 
new genera—genomorphs; and to indicate 
them by genomorphic name, which are to be 
recognized as such by being placed in braces.” 
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The adaptive forms should be written 
in parentheses without punctuation after 
the generic names in the following man- 
ner: Chlamys (Forma accommodata Hin- 
nites) cortesyi (Defrance), Chlamys 
(Forma accommodata Lissochlamys) 
Solea (Deshayes), Chlamys (Forma ac- 
commodata Lissopecten) hyalina (Poli), 
Chalmys (Forma accommodata Pseuda- 
mussium) cornea (Sowerby). 


showing traces of injury during their lives): 
Doklady, Akad. Nauk SSSR 73(no. 6) :1279- 
1282. 





1957. K sistematike semeystva Pectini. 
dae (On the systematics of the family Pee. 
tinidae): Leningrad Univ. Vestnik, No. 18, 
Ser. Geol. & Geogr., vyp. 3, 29-33. 

Situ, S. and Lane, W. D. 1930. Descriptions 
of the type-specimens of some Carbonifer. 
ous Corals of the Genera “Dephyphyllum,” 
“Stylastraea,” Aulophyllum, and Chaetetes: 
Annals Mag. Nat. Hist., Ser. 10, 5:177-194, 


Rocer, JEAN. 1939. LeGenre Chlamys, Dans 
Les Formations Néogénes De L’Europe: 
Mém. Soc. Géol. deFrance, Nouv. Ser., T, 
XVII, 294 p. 

TruEMAN, A. E. 1940. The Meaning of Ortho. 
genesis: Trans. Geol. Soc. Glasgow, 2 
(Part 1):77-95. 


SIEMON WM. MULLER is professor of 
Geology at Stanford University. His research 
field is Mesozoic marine invertebrates. 


LITERATURE CITED 


Koroskov, I. A. 1950. O vozmozhnosti vyyas- 
neniya rodstvennykh vsaimosvyazey neko- 
torykh dvustvorchatykh mollyuskov po ra- 
kovinam, imeyushchim sledy prizhiznen- 
nykh povrezhedniy (A possibility of estab- 
lishing a genetic relationship of certain 
bivalve mollusks on the basis of shells 





IT HAS RECENTLY BEEN ANNOUNCED THAT Dr. A. C. SMITH HAS BEEN SELECTED AS THE 
Director of the Museum of Natural History of the United States National Museum. 
Dr. Smith has been program director for systematic biology with the National Science 
Foundation; his successor in that post is Dr. David D. Keck. 

Prior to his affiliation with the National Science Foundation, Dr. Smith was, for 
eight years, Curator of the Division of Phanerogams in the Smithsonian’s Department 
of Botany. He now returns to the Institution to direct the bureau which includes the 
departments of Anthropology, Zoology, Botany, and Geology. In addition to directing 
the activities of the Museum of Natural History, Dr. Smith will continue his scientific 
work on phanerogams. To date, he has published some 135 technical papers concern- 
ing the taxonomy of this group. 

A native of Springfield, Massachusetts, Dr. Smith received his Ph.D. in 1933 from 
Columbia University in New York City. Thereafter he was associated with the New 
York Botanical Garden and the Arnold Arboretum of Harvard University. In addition 
to study and research in England, France, Switzerland, Germany, Holland, and the 
Scandinavian countries, he has participated in several botanical expeditions to Colom- 
bia, Peru, Brazil, Fiji, British Guiana, and the Lesser Antilles. He is a member of 
many national and international professional societies and also serves as adviser to 
various Federal and other research organizations. 
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Books in Brief 





TAXONOMIST’S GLOSSARY OF GENI- 
TALIA IN INSECTS. Edited by S. L. 
Tuxen. Munksgaard, Copenhagen. 1956. 
285 pp., 215 figs. In English. Available 
from Ejnar Munksgaard, 6 Nérregade- 
Copenhagen, Denmark. Price: d.kr. 80, 
bound. 


HE great diversity within the Class 

Insecta is perhaps nowhere so well 
reflected as in the genitalic vocabulary 
that has developed to the present time, 
and in this book the editor has attempted 
to bring this diversity together. The book 
is divided into two parts. The first con- 
sists of 29 chapters (156 pages) written 
by 34 contributing specialists. Each chap- 
ter describes the male and female genital 
morphology of one order of insects and 
each includes selected line drawings and 
a list of what each author or group of 
authors considers to be the most impor- 
tant references to the genital morphology 
of the particular order under discussion. 
The second part (109 pages) is an exten- 
sive glossary of genitalic terms and their 
synonyms with authors and dates of pub- 
lication. 

The book is primarily designed to pre- 
sent genital morphology, and most of the 
chapters include little or no discussion of 
homology, phylogeny, or function of the 
various genital structures. From the point 
of view of diagrammatic usefulness to an 
inexperienced person interested in the 
lower taxa of insects, this book may be 
somewhat limited because only selected 
examples of few families in each order are 
figured. 

In the preface, Tuxen states that “it is 
not in the least intended that the present 
work should force a uniform terminology 
on taxonomists” and, as A. B. Klots has 
pointed out in his chapter on Lepidoptera, 
insistence upon using the same name for 


structures similar in appearance but per- 
haps of independent origin may lead to 
inferring relationships that do not exist, 
and conversely, that too great eagerness 
to apply different names to almost any 
different-looking structure may lead to the 
overlooking of homologies. This compila- 
tion emphasizes that a great deal of study 
and cooperation among specialists is nec- 
essary to reach an understanding of the 
relationships of these genital structures 
between orders. The glossary should be an 
important help in this direction because 
Tuxen has cross-indexed known homol- 
ogous structures that have been given 
different names in the various orders. It 
is hoped that this advance will serve as a 
guide to insect taxonomists and perhaps 
lead to some simplification of the complex 
genital nomenclature for the Insecta. 


LINCOLN P. BROWER 
Department of Biology 
Amherst College 
Amherst, Mass. 


ANNOTATED CATALOGUE OF AFRI- 
CAN GRASSHOPPERS. By H. B. John- 
ston. With a preface by B. P. Uvarov. 
Anti-Locust Research Centre. Cam- 
bridge University Press, American 
Branch: 32 East 57th St., New York 
22. 1957. xxii+833 pp. $18.50. (Cloth- 
bound, 26 cm.) 


HIS volume is of great importance, 
‘ie it gives every appearance of hav- 
ing been compiled very thoroughly. It 
is primarily an index to published work, 
rather than being revisionary in char- 
acter. Much basic work on African Acri- 
doidea still remains to be done before 
knowledge of the fauna will approach suf- 
ficient completeness to permit a critical 
evaluation of many of the described gen- 
era and species. Not only is this catalogue 
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a splendid index to what has been done 
with African Acridoidea, but it doubtless 
will be a tremendous stimulus to the 
much needed further analysis of that rich 
and exciting fauna. Because of the cur- 
rent interest in numbers of species in 
various groups, and trends in the quantity 
of systematic work during different pe- 
riods, there may be some general interest 
in a few statistics which I have compiled. 
Statistical summaries of the number of 
genera and species are not included in 
the catalogue. 

The number of African Acridoidea is 
shown by the fact that 499 genera, 2,001 
species, and an additional 226 named 
infra-specific entities are listed from Af- 
rica and adjacent islands. In comparison, 
counts of the Acridoidea of the United 
States and Canada, based on current lit- 
erature, give totals of about 130 genera, 
505 species, and 100 additional subspecies. 
(In both cases the Tetrigidae, which 
Dirsh considers a separate suborder, have 
been omitted.) Current figures for tropi- 
cal North America have not been com- 
piled. 

Table I shows the trend of descriptive 
activity. The time span is divided into a 
“prior to 1851” group and subsequently 
into 25-year periods. At times the trend 
for new genera has varied from that for 
new species. If the great activity during 
1951-54 continues at the same rate, the 
1951-75 period will outstrip any one of 
the other 25-year periods. Several papers 
that have appeared since 1954, by Dirsh 
and others, hint that there is no siacken- 
ing of the pace. The statistics necessarily 


reflect the activities of individual workers, 


some of whom, Sjéstedt for example | 


stressed species rather than genera in 
their recognition of new entities. 

It is of interest that of 499 genera, 214 
(42.9 percent) include only one species; 
189 (37.9 percent) include 2 to 5 species, 
inclusive; and only 17 genera (3.4 per. 
cent) include 20 or more species. The 
largest genus, Sphingonotus, contains 36 
African species. The average number of 
species per genus is 4, and the great ma- 
jority of genera occur only in Africa. In 
the United States and Canada 65 genera 
(50 percent) include only one species. 
50 (38.5 percent) include 2 to 5 species, 
and only 2 genera (1.5 percent) include 
20 or more species. (One, Melanoplus, has 
about 165 described U. S. and Canadian 
species, as well as several dozen additional 
described subspecies.) The average nun- 
ber of species per genus is 3.9. The grass- 
hoppers of this area are more thoroughly 
known than those of Africa, though here, 
too, much revisionary work remains to be 
done. 


Table II lists the important describers | 


of African grasshoppers and the numbers 
of names proposed by them that currently 
are considered valid. The combined ef- 
forts of Dr. B. P. Uvarov (Director of the 
Anti-Locust Research Centre) and the 
late Dr. Ignacio Bolivar (whose work 
covered the remarkable span of 60 years) 
have led to the description of about 37 
percent of the genera and 31 percent of 
the species and lower categories. Each of 
these two workers has described genera 
and species in about the same proportion. 


TABLE I—NUMBER AND PERCENTAGE, BY PERIOD, OF DESCRIBED ENTITIES OF AFRICAN GRASSHOPPERS 
Now LISTED AS VALID 








BEFORE 1851- 1876-— 1901- 1926— 1951- 
1851 1875 1900 1925 1950 1954 
GENERA AND SUBGENERA 
NUMBER 20 48 126 156 103 52 
PERCENTAGE 3.96 9.50 24.95 30.89 20.40 10.30 
SPECIES AND LOWER CATEGORIES 
NUMBER 159 161 465 649 650 143 
PERCENTAGE 7.18 7.22 20.88 29.14 29.19 6.42 
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— The Distribution of the Pogonophora 


Since Systematic ZooLocy has several taken by the Russians in the north-west- 
~4951- | times published papers on Pogonophora, ern part of the Pacific, from which collec- 
1954 I should like to call attention in this tions several species were described, most 
journal to the distribution of this strange of them by Ivanov (Ivanov, 1952). One 


52 group, as it seems to be much wider than of Ivanov’s species, Lamellisabella gor- 
100 hitherto expected. bunovi, was found in the Polar Sea, all 


The first known species was Siboglinum the others were taken in the Sea of 
143 weberi, taken by Siboga in the Malaya Okhotsk and the Behring Sea. 
6.42 Archipelago. Later on huge samples were After the return of the research-ship 
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“Galathea” from her voyage round the 
world, I succeeded in finding a new species 
of Pogonophora in the material brought 
home from the Malaya Archipelago. From 
a station north of Celebes, at a depth of 
5100 m, some large strange looking tubes, 
containing a few specimens of Pogono- 
phora were found. They were in poor 
condition, but all the most important 
characters were visible enough to permit 
the description of a new species, Gala- 
thealinum bruuni (Kirkegaard, 1956a). 
Some months later a few more tubes 
turned up in the Galathea-material from 
the Gulf of Panama, which appeared to be 
tubes of two species of Pogonophora. One 
of these was a new species, Krampolinum 
galatheae, the other Lamellisabella zachsi 
(Kirkegaard, 19560). Since L. zachsi was 
earlier known from the Sea of Okhotsk 
and the Behring Sea, I feel sure that it 
must also be distributed along the west 
coast of North America. 

At the same time as my description of 
the Pogonophora from the Galathea was 
published, a publication appeared by the 
Swedish professor G. Jagersten, who de- 
scribed a new species of Pogonophora, 
Siboglinum ekmani (Jagersten, 1956). The 
most remarkable thing was that this spe- 
cies was found in the Skagerrak, that is 
far from the earlier finding places of Po- 
gonophora. It is a very tiny species, the 
diameter of the tube being only 0.15 mm, 
but the structure of the tubewall is very 
characteristically ringed like in other Po- 
gonophora tubes. It was taken in the 
1930’s but not recognized until now. In 
April this year I had the opportunity of 
fishing in the deepest part of the Skager- 
rak at a depth of 700 m and here I gota 
fairly large material of Jagersten’s spe- 
cies, so it is still to be found there. 

These new records prove to me that the 
Pogonophora must be much wider dis- 


tributed than hitherto expected, but may 
have been overlooked until now, maybe 
because some of the species are very 
small, or because some of the tubes look 
like tubes of Polychaeta. The tubes of 
Siboglinum ekmani look like threads from 
the trawl or some sort of algae. 

I, therefore, beg my colleagues work. 
ing with marine animals to look for the 
tubes. The Pogonophora seem to prefer 
constant, low temperatures and deep wa- 
ter; thus in the Skagerrak they were 
taken at a place where the temperature is 
about 5°C. throughout the year. In my 
first paper I wrote that according to 
Ivanov the food requirement of these ani- 
mals must be very great so that the dis. 
tribution is restricted to areas where the 
organic production is high. This is the 
case both in the Malaya Archipelago and 
in the north-western part of the Pacific, 
My theory was confirmed by the new rec. 
ords from the Gulf of Panama and the 
Skagerrak. Other places with a great sup- 
ply of organic matter are along the west- 
ern coast of North and South America, the 
western coast of Australia, the north-west 
and south-west coast of Africa, off New- 
foundland, Iceland, and the north-west- 
ern coast of Norway, from where I hope 
new records will soon turn up. 


Ivanov, A. V. 1952. New Pogonophora from 
Far Eastern Seas. Zoologicheskii Zhurnal, 
31:372-391 (in Russian). 

JAGERSTEN, G. 1956. Investigations on Sibog- 
linum ekmani, n. sp. encountered in the 
Skagerak. Zool. Bidrag. frdn Uppsala, 31: 
211-252. 

KIRKEGAARD, J. B. 1956a. Pogonophora. Gala 
thea Report, 2:79-83. 

1956b. Pogonophora. First records 

from the Eastern Pacific. Galathea Report, 

2:183-186. 





J. B. KIRKEGAARD 
Zoological Museum 
Copenhagen, Denmark 





[Ed. Note: In two recent notes in Nature (Southward, A. J., and Southward, 
E. C., 181, p. 1607; and Southward, A. J., 182, p. 272) Pogonophora are reported 
from the Atlantic Ocean proper. Species of Siboglinum have been taken at six sta- 
tions at depths of 300-710 fathoms along the continental slope near the British 
Isles. Specimens pertaining to the same genus have also been found in consider- 
ably shallower water (80-90 fathoms) off Dingle Bay on the west coast of Ireland.] 
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SYSTEMATIC ZOOLOGY is published quarterly by the Society of 
Systematic Zoology. Its purpose is threefold: To publish, and there- 
fore to encourage the preparation of, contributions on basic aspects 
of all fields of systematics, principles and problems; to provide a 
suitable forum for discussion of the problems of the systematist 
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Society of Systematic Zoology. 
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